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PREFACE 



* t This book consists of a collection of papers and research 
^reports which were originally prepared by the author as* background 
information for the 24-man Advisory Committee of a national study 
of engineering technology^ education in the United States. This 
"Engineering Technology Education Study" was being condhicte'd -£y 
the American Society for Engineering Education with support from 
the National Science Foundation. The project was directed by 
Dr. L. E. Grinter of the University of Florida; the author was 
assigned full-time as an assistant, to the project, and was respon- 
sible mainly for investigations related to associate degree engi- 
neering technology curricula . ^ 

The original papers reached only a few readers. The documents 
were distributed only to the Advisory Committee and to a limited 
number of individuals who had participated in various ways in 
ASEE T s Engineering Technology Education Study. These readers 
however, suggested that some of the information might be of 
wider interest, and urged that ways be sought to publish this 
material. Certain of the papers were subsequently condensed 1 
and published; they have appeared, for example, in Engineering 
Education. Not all, however, can be so treated, for neither 
space nor priority exists for the publication of some of the 
material. Therefore, this collection has been prepared with the 
anticipation that it may have some reference and interest value 
to the .community of educators concerned with engineering technology 
programs . . * 



Jesse J. Defore 
June 10, 1971 
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CHAPTER 1 

THE AMERICAN ' ENTERPRISE 
ENGINEERING TECHNOLOGY 
EDUCATION- 



' •• * ' 'I 

CHAPT 



ER 1 



THE AMERICAN ENTERPRISE IN; 
ENGINEERING TECHNOLOGY 
3DUCATI0N 



This papey^ deeorifcee briefly the historical "and contemporary 
:.$*tting8 of engineering technology education. It contains a b*ief 

history of the development of technological education in the United 
k States, a> review of some related developments in ' American higher 
education, a description of some of the social forces which appear 
to be y influencing current developments in engineering 'technology 
f education, and a tentative identification of current problems which 
re'late to this sector of the educational enterprise. 

The Beginning of Technological^Education 
^ in<the United States 

Compared to liberal higher education, the roots of which ^ the 
United States reach badk to the founding of Harvard in 16"36, 2 tech- 
nological education has a Relatively brief histroy in this country. 
While almost all of tne colonial colleges were by 1750 teaching 
mathematics and science, frequently including technical subjects', 
'such as surveying and navigation under the heading of mathematics , 3 
it was not until- 1-602 , with the founding of the Military Academy at 
West Point that appreciate attention was given to technological * 
education; and it was not until 1824 that the first institution ex- 
clusively devoted to technological education, Rensselaer Polytechnic 
Institute, was founded. 4 

* The world beginnings of modern technological education are only 
slightly more remote than those in America. The earliest date usually 
, cited for such a "beginning 1 ' is 1766, the year of the" founding at 
Freiburg, Germany, of a technical mining school. Some historians 
set the date^ even later:, they mark a beginning Either in 1775, when 



Portions of this paper appeared previously in another w^pk 
by, the same author, and have been adapted without substantial 
changes.' See Jesse J. Defore, "Baccalaureate Programs in Engineering 
Technology: A Study of Their Emergence and Some Characteristics of 
Their Content," (Unpublished Ph.D. dissertation, Florida State Univ- 
ersity, 1966), pp. 65-80. 

2 John S. Brubacher and Willis ^Rudy, Higher Education ih 
Transition. (New York: Harper and Row, 1958), p.iii. 

3 Ibid. , p. 17. 

*Ibid. ;*p.61. 
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the French Ecole des Ponts et Chausees -opened, ojr in 1794 , when the 
great Ecole Polytetfhnique was established. 1 < 



0 



The Development of Engineering Schools 

After its tardy introduction to the higher education enterprise 

\ 

in this country, technological education Eventually flourished* By 
the middle of the nineteenth century, a number of} colleges had orga- 
nized schools of engineering on their campuses: Norwich University m 
: founded a Department of Civil Engineering in 1819; Union College • 

founded a similar department in 1845; Harvard established the. 
^ * f. 

Lawrence Scientific School in 1847; Yale, in 1847, began a department 
which later evolved into the Sheffield Scientific Schoc>l; in 185?, 
Dartmouth and Brown founded similar ^difeols; and in 185 5, the Univ- 
ersity of Pennsylvania established a Department of Mines, ( Arts, artd 
Manufacturers. The Massachusetts Institute of Technology, perhaps 
the most renowned of a Li the institutions of its type, was estab- 
lished in 1865.^ The Morrill Act of 1862 greatly stimulated the 
^/founding of such iiretitutions . By the turn of th^century, some 42 
engineering colleges had been established, a majority of which were 
receiving - federal support provided by the Morrill legislation.^ The 
second Morrill Act of 1890 provided additional impetxK'. The growth 
in number of such instila^tfons, has been greatly acceleratg^ in this 
century. In 1969, for example, a total of 274 engineering schools 
were identified. 4 



j 
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The Early "development of + 
Technical Institutes 

Curing the same period that the Military Academy, Rensselaer, 
V MIT^ and other collegiate institutions were beirig founded to provide 
what at that time constituted advanced technological education which 
culminated after f6ur years of study in the award of a baccalaureate 
degree, a second, distinctly different kind of educational institution 
was emerging also. This was the "mechanics institute." Schools of 



■^Thomas T. Read, "The Beginnings of Engineering Education," 
Journal of Engineering Education, Vol. 30 (December, 1939), pp. 348-53, 

2 Brubacher and Rudy, op. ait., p. 62 

3 Read, loo.oit., p. 351 

4 John D. Alden^ "Engineering and Technician. Enrollments , 
Fall 1969," Engineering Education, September-October, 1970, pp. 31-47. 
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this type w^ere founded mainly in^ea^ern and mid-western industrial 
centers, and made their first appearance^ during the 18 20 f s. Al- 
though their purposes w„ere greatly dissimilar, from those of the 
schools which today offer programs in engineering technology, these 
e.arly institutions may be regarded as tlfle precursors of technical 
institutes. These schools offered coyrses in mathematics, book- 
keeping, surveying, navigation, and other vocational subjects; they 
sought the "promotion- of the. useful arts;" they trained artisans and 
dMftsmen. 4 They' attempted 'to provide training to meet the manpower 
needs of an expanding -industrial economy for draftsmen , 'supervisors , 
designers, production workers > and other technical personnel which 
neither the* secondary schools nor the engineering colleges were 
meeting directly at that time. 1 The first of these was the Gardiner 
Lyceum, in Gardiner, Maine, established in 182 2 . 2 This school, how- 
ever, ceased to operate after ten yeaftrs . Most of the early insti- 
tutes suffered a similar fate. Only one, the Ohio Mechanics Insti- 
tute, established in 182 8 in Cincinnati, is sl^Lll in existence; 3 it 
operates now under the name of the Ohio College of Applied Science r 
as ^ part of the University of Cincinnati. 4 The spread of free 
public education is cited as a cause for the rapid waning of interest 
in these schools, 5 Later in the century, a revival of interest in 
such institutions occurred, due largely to' spreading industrialization. 
Spring Garden Institute, now named Spring Garden College, was founded 
in 1851 in Philadelphia, and serves as an example of the many such 
schools formed as a result of the industrial needs of the mid-1800 r s . 
Pratt Institute in Brooklyn, New York, was established in 1877 as 
an institution of this type, but it gradually changed into a tradi- 
tional engineering school. 6 The Rochester Institute of Technology, 
formerly, the Rochester Athenaeum and Mechanics Instituted has a 
similar history. 7 According to Go^ney, there were "do^ms of such 

0 



^Leo F. Smith and Laurence Lipsett, The Technical Institute 
(New York: -McGraw-Hill Book Co., Inc., 19 56), pp. 18-2 0. 

William E. Wickenden and Robert H. Spaha^ A Study of 
Technical Institutes (Lancaster, Pennsylvania: Society for the 
Promotion of Engineering Education, 19 31), p.U. 

3 . 
Smith and Lipsett, op.cit>> p. 20. 

^Ohio 'College of Applied Science, Bulletin^ 1965-66. 

^Smith and Lipsett, op.cit., p,19. 



b Ibid., p. 22^ 
Q ^libido p. 23. ^ , 
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institutions starteddjiring the late nineteenth and early .twentieth 
centuries." 1 These "flourished for a period of time) and then di^ 
appeared from the scene. u2 Other than the Ohio College of Applied 
Science and Spring Garden College, only a few, notably the Milwaukee 
School. of Engineering' (founded 190 3 ), the Franklin Institute of 
Boston 01908), and Wentworttt Institute (1911), still survive. Graney 
characterized^ these institutions : • v 

* They geared their instruction to the maturing technology 
of $he. time , laying emphasis upon application with intensive 
instruction during short periods of less than four years. If 
they tended to prepare artisans, at/ least to some degree, it 
was**becayse such artisans as they prepared were qualified, 
themselves I to, bridge the gap between practice and theory. ^ ^ 

» / 

Development of Community Junior Colleges 

Community jtiroi&r colleges, especially in recent years, have 
made important contributions to tfye domain of technological education. 

9 o 7 . * 

Junior colleges first appeared as identifiable institutions 
during ttye mid-1800' s. Bogue , for example, reported that "... 
Laaell Junior* College , Auburndale, Massachusetts, offered two years ^ 
of standard collegiate instruction, as early as 1852. A dozen^ 
or so similar institutions, both private and public, were established 
during the last half of the nineteenth century \ few o*f these, how- 
ever, have Survived. 5 The stated objectives of the early institutions 
was to provide lower division university studies for transfer or 

-7= * 

general education purposes. After the turn of the century, the 
junior college movement prospered and the number of junior colleges 
increased until in 1921 there were 207 such institutions, 70 public 
and 137 private . 6 It was in the 1920 f s that the concept of occupa- 
tional education as an integral part of the junior college curriculum 



^Maurice Graney, The Technical Institute (New York: Center 
for Applied Research and Education, 1965 ), p. 9. ' «v 
Y 

2 Ibid. 
3 ibid. 

Jesse Parker Bogue (ed.), American Junior Colleges. Fourth 
Edition, 1956, (Washington American Council on Education, 19*56), p. 2 

5 The oddest public junior college still in existence is at 
Joliet, "Illinois, and Vias founded in 1901. 

kjames W. Thorton, Jr. The Community Junior College (New 
York: John Wiley and §ons, Inc», 1960), p. 50. 



received substantial acceptance, although this Concept of institu- 
tional role had been enunciated earlier by some" of the leader^ of 
the junior college movement . 1 The number of "terminal courses, " -as 
they were titled, grew fr>om 100 In '1921 to 400 in 1925 , 1600 in 
1930 , and more than 4000 in 19|fl). 2 The wider frole at the junior 
-college as a community institution, relating directly to the total 
educatiQnal neteds of 'the local area, became fixed during the decade 
of the 4ftJs; the 1948 Report of the President's Commission on Higher 
Education, Higher Education in American democracy , described these 
institutions formally, in language which emphasized thdir community- 
centered nature. 3 * , ) 

The evolution and- maturation of the community college philos- 
ophy, acceptance of these institutions by the public, federal and 
state interest in this kind of eduqatibn, and the burgeoning enroll- 
ments in higher education are all factors which have contributed Uo 
the growth of community junior colleges. The data in Table 1 indi- 
cate the trends<^ 

* In the past ten years, the growth rate has been particularly 
spectacular. About fifty new colleges have opened each year.* and 
the&e new colleges have uniformly ^shown substantial enrollment in- 
creases during their second year of operation s 

TA&LE 1. --Number of Commtmi ty • Juni or Colleges and Total Enrollments 
for Selected Yeaxs , 1900 - 1970. v v 





4, 


School 
Year 


* 


Total Number 
of Colleges 


Total 
J^n ro 1 1 merit 



1 900 - 


1904 


8 




100 


1921 - 


1922 


207 " 




16,031 


1938 - 


1939 


527 




196,710 - 


1 952 - 


1953 


594 


y 


560,731' 


1 958 - 


1959 


677 


905,062 


1 967 - 


1968 


993 




1 ,954 ,1 1 6 


1969 - 


1970 


1 ,03b 




2,186,272 



!See, for example, Alexis F. Lange , "The Junior College 'as 
an Integral Part of the Public School System," School Review, 
September, 1917 pp. 465-79. 

« 

• 2 Merton E. Hill, "History, of Terminal Courses in California,". 
Junior College Journal^ February, 1942, pp. 311-13. 

President's Commission on Higher Education. Higher Education 
for American Democracy . A Report. '"(New York: Harper and Brothers, 
1948), Vol. I, Ch. 4; Vol. Ill, 'Ch. 2. 
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Nearly 90 percent of all American comntunity junior colleges 
offer occupational education programs. Such programs vary widely i 
in objective, level, nature of clientele served, and other charac- 
teristics. All community college occupational programs, however, 
are, intended to prepare students for immediate gainful employment' 
upon graduation. Engineering technology curricula are often in- 
cluded in community college offerings. In 1963, fpr example, the 
American Association of Junior Colleges reported that^ approximately 
300 institutions offered" organized curricula in engineering tech- 1 
nology or a closely -related field. Such engineering technology 
^programs lead ta the award of associate degrees. 

Community colleges also may offer occupational programs which 

i 

art post secondary and have a vocational emphasis, but which lead 
J J to, the award of certificates rather than degrees,. Often, both 

j associate -degree' programs and certificate programs may be offered 

at the same institution. It is estimated that approximately 210,000 
students were enrolled in associate degree curricula in 1968*, at 
least twice that number were enrolled in non-degree programs . 1 

The Emergence of Baccalaureate 
Technology Programs 

* . s Very recently, a new stream of technological education has 

emerged, namely, the four-year pro gr Aft in engineering technology. 
While two-year technology programs have a history extending over 
half a century, being associated with both technical institutes and 
« * community colleges, the concept of a focr-year curriculum is a 

contempory development. An early allusion to the idea came in 
1957 , when (J, C. ElgiK, of Princeton wrote in The Engineer: 

We should expand the numbers of people trained at the 
technician level. This can be done through the development 
of the technical institute, by increasing the number of such 
two-year--or even four-year — technical institutions , and 
by Stressing the recognition by industry as engineer-technicians 
and engineering aides> of those so trained. 2 

In June 1965 , Harold A. Foecke , then Specialist fo/'^Engi nee ring 
Education, United States Office of Education, stated" that more than 
sixty colleges were offering four-year technology curricula. 3 A 1966 



Extrapolated from data by the U.S. Department of Health, / 
Education, and Welfare, Off ice' of Education, Digest of Educational 
Statistics J 1968 (Washington: U-. S . Government Printing Offi-ce, 1968). 

, 2 J. C. Elgin* "The Dean's Page/'JTi* Engineer, December, 1957. 

3 Harold A. Foecke, "Engineering and Technology, 11 address 
before members of the Technical Institute Division, American Society 
for Engineering Education, June, 1965, (Unpublished.) 
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study 1 identified 73 institutions which purported *to offer bacca- 
laureate engineering technology * programs or programs in "an indus- 
trial technology closely allied to the engineering field." 

A number of foYces appear to have encouraged the inauguration 
of baccalaureate technology curricula." 2 As professional engineer- 
ing education tends to vacate ■ the undergraduate level in favor of 
graduate level programs, the existing two-year programs in engi- 
neerirtg technology are tending to be "stretched from above" to fill 
the educational vacuum created. Furthermore, the two-year tech- 
nology programs* at technical institutes are "bulging from within" 
as more 1 and more subject matter is added to the curriculum. And 
at the 'same time, many comm)inity r colleges and area vocational 
schools are conducting certificate level programs which sometimes * 
compete with engineering technology programs of associate degree 
level, and Hence are "nudging from below." Industry has often urged 
establishment of baccalaureate technology programs; such encouragement 
has provided an appreciable impetus for inauguration of such foap- 
year curricula. Grant Venn has written of an "jppward push" due to 
complexity of industrial enterprise as follows: 

Now., technology r/£s advanced many occupations on the 
technical, skilled, and semi-prof essional levels to a point 
where they require higher levels of specialization and related 
knowledge that are best learned within educational frameworks. 
Manifestations of this upward push are to be found, for 
example, in engineering, where the two-year engineering tech- 
nology curricula of today compare in vigor and breadth with 
toe four-year engineering curricula of twenty-five years ago. 
As engineering continues to become more complex and special- 
ization is delayed, graduate study will become a must for the 
engineer, and, by the same token it is probable that within 
tr.e present decarde the bachelor/ s degree will become a must - 
for many technical occupations .'3 

There are also parental , peer group, and societal*' pressures for 
individuals to obtain baccalaureate degrees as a patter of personam 
or family prestige. 4 

Parallel to the "stretch," "bu^ge," "nudge" and "push" which 
have been perceived as ten-ding to encourage a vertical extension 
of two-year engineering technology programs, there are' significant 



iBef ore , op . oi t . < 

2 Ibid.> p£.76-«0 
3 

prant Venn, Man 3 Education and Work (Washington: /vmerican 
Council on Education, 1964), p. 17. 

4 

Graney^ op. ait., pp. 103-109. 
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^developments in other areas of higher education. Colleges, schools, 
and departments of industrial education and industrial Arts have 
% devised curricula which are intended to provide students with routes 
to industrial employment .rather than to teaching. Such programs 
are usually called "industrial technology" in the lexicon of the 
institutions which offer them. „ * 

The first of such Industrial Technology programs was reported 
in 1923 at Bradle^ University; a second was reported in 1932. and a 
third in 1944." By I960* 33 programs were established; three years 
'later, one researcher reported 53 such programs. 1 Currently, €4 
are identified, 2 and more are projected. A number of 'newly* founded 
institutions, in particular/ seem inclined to inaugurate such pro- 
grams, as part of their initial offerings, and many institutions atfe 
restructuring their industrial education units to dissociate the * * 
industrial technology program from the teacher education program. 3 

Educators and employers having interest ia, industrial technology 
education have formed an organisation to deal with matters related- 
to the area. This' organi zation , the National Association for Indus- 
trial ' Technology , was founded in 1968, and is directing professional 
attention (including accreditation efforts) toward the unification , * 
and articulation of the more than 90 such programs as now exist. 

t 

% r ■ 

Current Issues 
* * 

4 

Enrollment Tre nds « 

— 1 w i 

One of the most crucial of the current issues in engineering 
technology education is an apparent relative decrease in its ability 
to attract student enrollment. The 1968 survey of enrollments con- 
ducted by the Engineering Manpower 'Commission revealed that^ enroll- 
ments in two-year, associate ^degree programs at the institutions 

having one or more curricula accredited by ECPD were three percent 

\ 1 . 
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1 Nelson A. Hau§f, "Status Study, Industrial Technology ," I 
Newsletter from College of Agriculture, School of Vocational 
Education, Louisiana State University, Baton Rouge Louisiana, . 
November, 19TB6. (Processed.) 

^Gene Stuessy, "The Scope of Industrial Technology 
P'rograms in Terms of Number of Students and Curriculum Options 
Available," Report of a Survey, National Association .of Industrial 
Technology, February 2*0 , 1970. *\ 
r < * ' v 

3 See , for example, Industrial Arts/Industrial .Technology , 
Office of the Chancellor, Division of Academic Planning, The 
California State Colleges, February, 1970 2/1 
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loy/er than in 1967. 1 Both full-time and .part-time enrollments were 
•down. These results were particularly disappointing- in that 12 
more schools were listed in 1968 than the year before. In 1969, 
'an increase in technology enrollments was, reported , but the data 
wer/ difficult to interpret. 2 Both engineering enrollments and 
engineering technology enrollments have * remained relatively static 
since 19 58 , Total higher education' enrollments., on the other hand, 
have increased steadily, rising from 3 *4 million in 1958 to 8*0 
million in 1969:3 The relative position of engineering and engi- 
neering technology, thus, has slipped appreciably . -As a result,*' 
* 

the already serious long-term shortages of technological manpower 
are projected to become critical. 

1 

Criteria for Accreditation + 

r Additional issues of some urgency are those related to accred- 
itation. 4 The criteria now being used by ECPD in the accreditation 
of engineering technology curricula at Both the two-year and four- 
year levels were developed in the early sixties. 5 Changes in engi- 
neering education, in engineering practice, in engineering tech- 
nology education v "in manpower utilization practices as related to 
technician employment, i n the general nature of the technological 

environment all indicate that the criteria now infuse should be sift-* ■ 
jected tb critical review. It is especially important that appro- 
priate criteria for four-year programs be developed. A 

• 

Delineation , Articulation ' 
and Coordination 

. f 

A third set of issues of importance in engineering technology 
education is related to a clear delineation of the role and scope 
of this form of higher education and its articulation with other 



^Engineers Joint Council, Engineering Manpower Commission, 
Engineering and Technician Enrollments > Fall 1968. (New York- / 
The Council, 1969), p. 117. V 

2 

, ^Alde-n , loc . ci t . , p . 3 2 . * 

3 

U.S. Department of t Health, Education, and Welfare, Office 
of Education, Projections of Educational Statistics to 1977-78, 1968 
Edition. (Washington: U. S ./Government Printing Of/ice, 1969)/ p. 12. 

^Because of the relevance of accreditation matters to the 
engineering ^ technology education study, chapter 5, herein, is de- % 
voted to this subject. 

5 American Society for Engineering Education, Characteristics 
of Excellence in Engineering Technology Education (Urbana, Illinois: 
The Society, 1962) . 
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sectors of the educational enterprise. It is important, for example, 
that the differences between engineering technology education and 
engineering education be understood. It is equally important that' 
the differences and commonalities between engineering technology 
programs and other technical education programs be made clear. And 
it is highly important that articulation and coordination be achieved 
among institutions offering these various programs in order that 
students be given maximum educational opportunity and that the' general 
public be protected from the, financial burden of supporting a variety 
of institutions with ambiguous or overlapping purposes. At the same 
time, the higher education community should feel constrained to 
assume the responsibility for providing adequate routes of prepara- 
tion to meet the manpower needs of contemporary society. 

Summary 

Technological education in the United States has little more 
than a century of heritage. Evolving principally from schools of 
applied science, mechanics institutes, and similar prototypes, con- 
temporary technological -education is conducted in various institutional 
settings, each having a unique history. The education offered is as 
diverse as the characteristics of the institutions which offer it, 
and the form of the educational process has undergone Viumerous tran- 
sitions throughout the history of the movement ; this is especially 
true of. engineering technology education. 

A number of social forces are* currently at work. The changes 
occurring in engineering education, the trends to extend vertically 
two-year engineering technology programs , the proliferation of com- 
munity colleges, the emergence of industrial technology programs, 
and the changes in the technological environment itself are all 
factors which are serving to give new directions for the evolution 
of engineering technology education. 

Current issues needing resolution include problems related to 
enrollment, accreditation, delineation of the role and scope of 
engineering technology education, and articulation within the educa- 
tional community. 
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CHAPTER 2 



SOME CHARACTERISTICS OF ASSOCIATE DEGREE 
CURRICULA IN ENGINEERING 
TECHNOLOGY 

r 7. 



This paper describes briefly some characteristics of curricula' 
in engineering technology which exist in various educational insti- 
tutions in the United States and which lead to the award of associate 
degrees. It provides a tentative classification system by which 
content areas can be identified, presents an analysis ' of various our- 
rtcula, compares currtcula as they exist in different kinds of insti- 
tutional settings, and points out some^ implicctkoms of the study 
which was made. * 



Population 
r = — . ^. 

Kinds of Institutions * 

Institutions which offer educational programs leading usually 
to the award of- associate degrees in engineering technology are of 
various. types . A seven-fold classification system* is useful. Kinds 
of institutions may be identified a4 follows: . 

x l. Single purpose institutions having engineering technology 
education as their sole institutional objective*, the term 
mono technical institutes will be adopted in this paper to , 

, describe such schools. 

2. Institutions with a variety of objectives related to 
technical and occupational fields, including programs 
related to business, health, and public service as well as 
to engineering; the term poly technical institutes will be 
used here to designate these institutions. 

3. Community and/or junior colleges which include an 
occupational-technical program as well as a liberal arts, 
"university parallel, 11 "transfer" program; such colleges 
will be referred to as comprehensive community colleges. 

4. Universities or other senior institutions which include 
associate degree programs in engineering technology as part 
of their offerings, either on the main v campus or at a branch 
campus; these, regardless of the actual nairte of the insti- 
tution, will be called universities . 

5* Special educational units set up with a company organ- 
isation to provide educational experiences for inservice 
or preservice employees; the term company schools will be 
used in reference to this kind of unit. 

6. * Army, navy, air force, or other military service schools 
devoted to engineering technology education; such units will 
be called service sohoots. 
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7. Institutions which provide home study materials so that 
individuals can complete a program of study by correspondence; 
these will be called corre'spondence schools. * 

A s*ulj&tantial majority of the activity in engineering technology 

education occurs in monotechnical institutes, poly technical insti- £J 

tutes , comprehensive community colleges and universities. While the 

importance of company schools , service schools and correspondence 

schooJLs and the value of their contributions cannot be denied, it is 

m 

within institutions of the first four types that engineering tech- 

nology education mainly occurs. 

Size of Population 4 s t 

It is extremely difficult to establish an accurate inventory of 
the curricula with which this paper is concerned. The literature 
and the various published directories give widely differing estimates 
of "the size of the population. Several factors may account for dis- 
crepancies 'which have been found: 

1. The term "engineering technology" is not uniformly^ defined . 

2. The term "associate degree," while adequately defined, is 
often used in a context such as "...associate degrees or equiv- 
alent awards...," a practice vhich tends to contaminate statis- 
tics based on the degree. 

3. Changes in the structure of institutions, the founding of 
new institutions, and name changes of older institutions result 
in both duplications^and omissions from directory lists. ^ " 

U. Time lags between the collection of data and its publica- 
tion create discrepancies . 

5. Institutions often report as "curricula offered" all pro- 
grams appearing in the published catalog, regardless of whether 
the curricula actually have enrollments. 

% 6. Multicampus institutions, especially, report data irt dif- 
, fering ways; for example, some institutions report separately • 
the curricula which are replicated at different campuses or 
branches while other institutions report one curriculum only. 

Published directories are, useful only in making tentative esti- 
mates. For* example, .one .recent publication 1 lists over 5000 cur- 
ricula offered by some 830 institutions, by^not all the curricula 
listed lead to associate degrees. Another directory 2 contains over 



^-Career Opportunities; Engineering Technicians , J .G . Ferguson 

Publishing Company , Chicago, Illinois: 1969. (One volume in the series 

Career Opportunities for Technicians and Specialists ; Walter M. 
Arnold, Series Editor; Walter J. Brooking, Volume Editor.) 

^Technician Education Yearbook, 1969-70, Prakken Publications, 
Inc., Ann Arbor, Michigan : 1969. 
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1200 institutional names but includes among its listings some 
secondary schools as well as higher institutions . 'Neither reference 
is entirely reliable and each overestimates the population. 

The standard source of directory information for institutions 
of higher education, the U.§. Office of Education's Educational 
Directory, is»of little assistance, for it does not. identify in 
sufficierft detail the kinds of qucricula offered. 1 / 

Two* recent publications, however, are useful. In 1969, the ' 
Engineering Manpower Commission conducted a sifrvey of* 'degrees awarded 
•in technology^ The report of this survey2 stated that 394 institu- 
tions had made associate, degree awards during the 196 8-69 year. 
There is some evi den ce that this is a low estimate ,' for a number of 
the institutions which had responded to- a similar EMC survey in - 
1968 did not report in 1969.3 The EMC data also suffer from con . 
fusion in reports from multicampus institutions. The National Center 
for Educational Statistics of the U.S. Office of Education furnishes 
one additional clue to the size of the population. A publication 
issued in 1969 and based on the 1967-68 academic, year suggests that 
approximately 450 institutions made "formal awards 1 ' to students 
completing programs "at the technicia^&r semiprof essional level. m4 
The NCES data, again, is believed jco .underestimate the population, 
since many of the institutions which did report to EMC , in 1969 had 
not reported to NCES in 1968. \ 

The union of the set of institutions reporting to EMC with the 
set reporting to NCES is believed to produce a list of acceptable 
accuracy. Such a union contains 563 institutions. A 1 similar opera- 
tion to estimate the number of curricula offered yields a value of 
1595; this figure, however, is {probably less valid than the previous 
one, since some differences ^xi^st in curriculum classification ( 
practices by EMC and NCES. % « 



^See,' for example, Educational Directory J Higher Education-/ 
19<#9«*?0, U.S. Government Printing* Of f ice , Washington: '19 70 . 

2 John D. Alden, "Technology Degrees, 1968-69 , " Engineering 
Education, Janua^, 1970 , pp. 410-415. 

$Ibid, p. 410. 

^National Center for Educational Statistics, Associate Degree* 
and other Formal Awards below the Baccalaureate , 1967-68, U.S. j*Ji 
Government Printing Office, Washington: 1969 . See especially TafJTe* 
f 7 9 pp. 43-62. ■ J 
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Nature of Population 

Table 2 contains in summary form some observations about the 
characteristics of the approximately 560 institutions which offer 
nearly 1600 different?* associate degree curricula «in engineering . 
technology. 4 

TABLE 2. --General Characteristics of Institutions which offef 
Associate Degree Engineering Technology Curricula 



Item 



Comments 



Control 
Type 

Emphasis 



Accreditation 



Extent of 
Of feri nj* 



^tgKPopularity, of 



f f eri ngs 



86? public, 14% private 

87% are two-year institutions 
13% are universities or four-year 
colleges which include associate 
degree curricula in their offerings 

10% offer engineering technology only 

13% offer a variety of technical programs 

» but^deaV only in technical education 

^64% are comprehensive community colleges 

13$ are sehior colleges. or universities 

11% have at least one curriculum 

accredited by the Engineers 1 Council 
for Professional Development 

92% are accredited by the appropriate 
regional accrediting association 



80% offer four or fewer engineering 

technology curricula 
20% offer more than four engineering* 
• technology curricula 

Electrical/Electronics Technology is 
/ offered most frequently (30% of the 
total Curricula, * 50% of the insti- 
tutions, and 25% of the associate 
degrees awarded) 
Mechanical Technology is second in. 
frequency of offering (12% of the 
total curricula, 25% of the insti- 
tutions, and 13% of the associate* 
" degreeflwwarded) 



Curridiiilum Characteristics 



Conceptual Framework « < * , 

Engineering technology curricula, "although thay may differ from 
one another in certain respects, are expected to have many character- 
istics in 'common. 'An analysis of existing curricula should reveal' 
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some major patterns of commonality and should suggest waysv^n which 
curricula can be distinguished. The patterns of contemporary ^ 
practice, in turn, might suggest goals for future evolution of such 
curricula. 

Based on suqh a conceptual framework, *a ct$rriculum analysis was 
undertaken. Preliminary investigation had suggested that three * 
variables would be of major usefulness 1 in such an ana^frt&jg of engi- 
neering technology curricula: 

1. Institutional setting ^ 

2. Curriculum Structure 

3. Technical discipline of curriculum • 

For analysis purposes a curriculum's "institutional setting" 
was defined the kind of institution--monotechnical institute, 
polytechnical institute, c6mprehensive community college, etc. --in 
which the curriculum was found; the "curriculum structure" was a 
profile of the required ci^edit hours in various curricular areas ; 
and the "technical discipline" was the major emphasis of the cur- 
riculum, that is, the area of specialization (drafting, electronics, 
highway construction, etc.) on which it concentrated. 

Two additional variables, "accreditation by the Engineers 1 
Council for Professional Development" and "topic coverage in selected 
areas" were initially expected to be somewhat useful' in discrimina- 
tion of currichla. The "accreditation" variable is treated here; 
the "topic coverage" variable has been tr^ gted se parately. 

A number of other possible variabi^ exited but. were rejected 
because it was believed they possessed limited relevance. Such 
variables included control (private vs. public), age off curriculum, 
enrollment in curriculum, age of institution, credit ybasis (semester, 
quarter, other), lo^^Lon of institution ( urhA^v- vutal ) , and others. 



r 




t 

Procedure and Sample 

A sample of 120 engineering technology curricula were chosen 
and ' sub j ected to analysis. This was essentially a;i arbitrary 
sample. It does not have--nqr was it intended to have — the statis- 
tical properties of randomness, stratification, or representativeness. 
Rathefr, the curricula selected were ones judged likely to have in- 
fluence—past or future — on the trends in engineering technology 
education. 

The curriculum study was made principally by means of examining 
the published catalogs and bulletins of various institutions, although 
19 of the institutions involved were personally visited by the author. 
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In the sample, 71 of the curricula were accredited by ECPD. 

The distribution by discipline of the curricula in the sample 
is indicated in Table 3. * 

The classification of -curricula in the sample by institutional 
setting is given in Table 4. The original .intent "had been 'to pro- 
vide for approximately 30 members of each t category , an objective 
satisfactorily achieved. However,* preliminary study showed that 
university programs—because of their assignment to separate branches, 
campuses, departments or other instructional' units — resembled closely 

TABLE 3. --Currl cul urn Titles 1n a Sample of 120 Associate Degree 
Engineer! ng Techno 1 tfgy Cur ri cul a 



AppVoximate Curriculum Title Number 



Aeronautical 4 * g 

Air Conditioning * 3 

Architectural (including building construction) 13 

ChamlgaV . 8 

C1 v\ udi ng surveying, highways) 18 

Drawing/Design 8 

E 1 e c\ r i c a 1 .7 

El ectVoni cs 21 

Indusft^ial (Including manufacturing) 7 

Mechanical 1 8 

Metallurgical (Including materials) 4 

Other ( automoti ve , computer , petral e urn, f 1 re 9 

protection, nuclear) 

TOTAL 120< 



TABLE 4.--Inst1 tutional Settings of the Curricula in a Sample of 
120 Associate Degree Engineering Technology Curricula 





Kind of Institution 


Numbe r of Curricula 




Monotechni cal Institutes 


24 




Polytechnical Institutes 


35 




Comprehensive Community Cc^leges 


28 




Universities , 


33 




> 


TOTAL 120 


r 




* 





the programs in either monotechnical institutes or polytechnical 
institutes/ A reassignment of the 33 curricula in universities re- 
sulted in the distribution shown in Table 5; this grouping was used 

2a 
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TABlE *5 v --Groupi ngs Used in the Analysis of a Sample of 120 
1 Associate Degree Engineering Technology Curricula 



Kind of Institution Number of Curricula 



Monotechni callnstitutes 54 
Polytechnical Institutes 38 
Comprehensive Community Colleges 



TOTAL 120 



120 N 



X 

through the analyses conducted. Although the cells are unbalanced 
as a result of the regrouping, the internal variance in each cell 
is virtually unaffected.' 

The sample was taken approximately equally from the various 
geographic regions of the United States. Table 6 shows the geo- 
graphic distribution of the sample. While the northeastern region 
is somewhat over-represented in the sample, this region also possesses 
a disproportionately high fraction of the total institutional popu- 
lation -v^hich is engaged in engineering technology education. The 
distribution ^is deemed satisfactory for these* purposes 

> 

TABLE 6. ^Geographi c Distribution of a Sample of 120 Associate 
Degree Engineering Technology Curricula 



Geograp&hic Region Number of Curricula 



J 



Northeast 34 

Southeast ]8 

North Central 30 

South Central 20 

*West 4 8 



The results of the analysis are given in a later section of 
this paper. 

Definitions 

fop the purposes of this paper, the following definitions 
related to curriculum content are adopted: 

Technical ^ specialty-- technological subject matter content 
in an emgineering technology curriculum in which a student 
.concentrates study; >the "major" of a curriculum. For example, 

. * s 
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technical specialty subject matter in an electrical technology 
program usually will include college courses entitled "elect- 
rical machinery," "transmission networks," "microwaves," and 
the like. 

/Related technical 8tud£«8--technological subject matter 
i content in an, engineering technology curriculum related to some 

area of technology or to the development of skills to support a . 
technology, but which is not directly related to the specialty 
of the curriculum., For example, related technical studies in 
,an electrical technology curriculum might include college courses 
entitled "engineering drawing," "manufacturing processes ," 
- "industrial* Materials ," or the like. % ^^0* 

Technical science 8 --subject matter content in an* tengineering 
technology curriculum involving basic mathematical angf/or 
scientific principles applied to technical problems and situ- 
ations. Derived from the "pure sciences", the technical sciences 
may , include such areas as statics, dynamics, strength of materials, 
fluid mechanics, thermodynamics, statistics, electi?io theory, 
and properties of matter. The "technical, sciences" of an engineer- 
ing .technology Curriculum are analogous to the "engineering 
sciences" of an engineering curriculum. 

Physical 8 cienoes-- chemistry , physics and integrated 
courses in chemistry and physics. 

Mathematics--subject matter content beyond the level of 
"intermediater algebra" , that is, "college algebra" and other 
mathematics subjects including trigonometry and calculus which 
have college algebra as a co- or pre-requisite . 

Communications --subject matter content related to grammar,' 
. rhetoric, speech writing, and other phases of language, except 
literature, anj requiring four high school units in English as 
a pre-requisite.* * 

# Humanities /Social S tudies-- subject xnatter content , related 
to literature, the arts, philosophy, psychology, history, 
sociology, political sciences, and the like. 

Other 8tudie8--subject matter content in a curriculum not 
classifiable under one of the preoeding categories; these 
include R.O.T.C., physical education, life science, foreign 
language, and "free electives" not identifiable by category. 

A "Typical" Engineering 
Technology Curriculum 

The sample of 120 engineering technology curricula examined 
'displayed patterns of similarity, although - some variance was detected- 
Table 7 summarizes the major curriculum characteristics of these 
programs in terms of semester hour credits required in various cur- 
ricular areas. The range, the mean (adjusted to the nearest half- 
credit), and the mode of the required credits kre reported^ 

As can be noted from Table 7, the requirements in each cur- 
ricular area had considerable apparent variation. Pa/t of this 
variation is real and is to be expected, due to the differences in 
program objectives at different institutions. On the other hand, 
so^e of the variation *is artificial and was introduced by the class-' * 
ification scheme used in this study. For example , the introductory 
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courses in Chemistry which appeared in the Chemical Technology pro- 
grams analyzed were classified as "physical sciences" rather than 
"technical specialties;" such classification procedures per ae con- 
tributed to the low extreme in the range of requirements in the 
"technical specialty" area and the high extreme in* the "physical 
sciences" category as shown in the table. 

TABLE 7.--C 5 urri cul urn Characteristics of a Sample of 120 Associate 
Degree Programs in Engineering Technology 



Curri cul a r 
Are a 



Semester Credits Re qui re d 



Range 


Mean 3 


■Mode 


8-42 


23 


24 


0-22 


8 


8 


0-22 


7 


8C 


4-18 


7 


8 


4-14 


8.5 


1 0 d 


3-12 


6 


6 


0-15 


7 


6 


0-14 


2 


2 ♦ 


24-51 


39 


40 


60-83 


71 


72 



Technical Specialty^ 
Related Technical SfGdies 
Techni cal Sc i ences 
Physical Sciences 
Mathemati cs 
Communications 
Humanities/Social Studies 
Other 

Total Technical Studies* 3 
Tot as! Curri cul urn 



a Adjusted to nearest half semester credit; for computed values, 
see Table 8, 

^Includes technical specialty, related technical studies and 
technical sciences. ^ 

c High frequencies at 0 and at 4 semester credits were also noted. 

d High frequency at 6 semester credits was also noted. 



The histograms of Figure 1 give some insights into the variations 
and central tendencies which were found. 



J 

Table 8 summarizes some relevant , statistical properties of the 
data used. In Table 8 , ia "computed mean" is the result^bf a numer- 
ical calculation, to the nearest tenth of a semester credit, of the 
mean of the data being analyzed; this is a stable statistic which is 
useful for making |Comparisons within the data base^ t>ut is not espe- 
cially meaningful [descriptively . , The "adjusted mean," a value funded 
to the nearest half-credit, is more useful as a nominal value. The* 
standard deviation has the usual meaning of that statistic^ ^Relative 
variability* as reported in the tabj.e is a statistic which gives an 
indication of the extent to whioh data are clustered about th^ir mean; 
it is a rough* measure of kurtosis. In this situation, a relative 
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TABLE 8. --Stati sti cal Characteristics of Data Used in Development 
of a "Typical" Associate Degree Engineering Technology 
Program fram a Sample of 120 such Curricula 



> 


: r-; — 








Computed Adjusted 


Standard 


Rel ati ye 


y Conformal 


Mean a m Mean* 


Devi ationa 
f- 


Variability^ 


Limits* 



Techni cal, 
Speci al ties • 
I 

Related Tech. 
Studies 

Techni-ca 1 
Sciences 

Rhys i c*l 
Sci ences 

Mathem&t i cs 

Communi cati ons 

Humani ti es/ 
Soci al Studies 

Other 

Total Te€hni cal 
St udi es 

Curri cul um 
Total 



23 


2 


23 

> 


5 


52 


23 


8 


1 


. 8 


7 


Q 


Q 
O 


A 
«♦ 


. 0 L 


59 


Z 


1 


. 5 


6 


7 


7 


4 


70 


70 


0 


1 


. 5 


6 


9 


7 


3 


08 




7 


1 


0 


8 


5 


8.5 


2 


20 


25 


8 




. 7 


5 


9 


6 


2 


24 


38 


0 • 




7 


6 


7 


7 


4 


00 


60 


0 


1 


3 


2 


1 


2 


3 


94 


1 85 


7 


1 


3 


39 


1 


39 


5 


44 


14. 


0 


1. 


8 


71 


1 


71 


. 6 


68 


9. 


4/ 


2 


3 



I n s ernes te r credl ts 
bin percent 
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variability less than 25 percent implies a significantly leptokurtic 
distribution (one more peaked than the "normal" distribution) -having 
the mean value itself occur frequently in the data. A relative 
variability near 50 percent is associated with data having a multi- 
modal distribution (as in the case of "Communications," where a 
distinct bimodal pattern is observed). A relative variability ex- 
ceeding 100 percent (as in "Other," Table 8) is associated^rrth data 
having an extremly platykurtic distribution or lacking any appreciable 
central tendency at all. For data with relative variability exceeding 
about 35 percent, the strongest mode is probably a better representa- 
tion of practice than is the m«an. 

The "conformal limits" reported in Table 8 are statistics which 
will be useful in the profile analysis to be made later in this 
paper. It has been assumed that the sample of 120 curricula form a 
whole-set of data comprised of several differing subsetsf. Each Sub- 
set presumably will have data means which oonform or not to the 
data means of the whole-set. The range around the whole-set mean 
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through which a subset mean can vary "and still be assumed to conform 
to the whole-set is 'the "conformal limit." Conformal limits for the 
purposes here have been arbitrarily set so that 33 percent. of the 
sample falls within the conformal limits of the adjusted means. 

Figure 2 is a graphical representatioa of some of the data in * 
Table 8. -The abscissas on the figure give the adjusted mean of the 
semester credits required in various curricular ^areas of engineering 
technology programs. The bold line is a "profile" of such require- 
ments;* the stfaded area represents the conformal limits of this profile. 



FIGURE 2. --Profile of the Curriculum Structure of a "Typical" Engineering 
Technology Program, Showing Conformal Limits of the Sample 
, Investigated. 



ERLC 




CURRICULAR AREA 



Curriculum Total 

Total Technical Stud ies 

Technical Special ty 
Related Technical Studies 
Technical Sci ences 

Phys i ca 1 Sci ences 
Mathematics 

Communications 

Hu ma nities/ Social Studies 

Other 4 \ 



a B i a s ■ axU calibration adjustment; e.g., for "Curriculum 
Total i read 65+6-71 credi ts. 
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Currioular Differences ^ * 

Related to Institutional Setting 
* * 

It was initially assumed that the curriculum structure of an 
engineering technology curriculum might vary with the institutional 
setting in which the curriculum is offered. To test this hypothesis, 
the profileVof* three subsets' of curricula — those existing in mono- 
technij^i" institutes , polytechnical institutes, and comprehensive 
community colleges-- were plotted and compared to the /whole-set pro- 
file. The results are shown in 'Figure 3. Table 9 gi/es the corres- 
ponding numerical data. -The shaded area on Figure 3 represents the 
conformal limits of the whole-set profile (see Figure 2 and the 
m accompanying discussion) . 

As can t>e readily seen from Figure 3, the profiles of the 
curricula which are offered in monotechnical institutes and in 
polytechnical institutes 'correspond closely and fall everywhere 

-* FIGURE 3. --Profiles of Curriculum Structure of Engineering Technology Programs 
in Monotechnical Institutes, Polytechnical Institutes, and Compre- 
hensive Community Colleges 
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CURRICULAR AREA 



Cu'rr i cul urn Tota 1 

Total Technical Studies 

Tec hn i ca 1 Spec i a 1 ty 

Related Technical Studies 
Tec hn i ca 1 Sc i enCes 

Physical Sc i enc es s- 

) ■ 

Ma t hema ti cs 

Communications 
Humanities/Social Studies 

Other 



a B 1 a s » axis Calibration adjustment; see note on Figure 2, 



Monotechnical — 
Institute 



Poly tec hni cal — • Comprehensive 
Institute Community College 



3C 
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TABLE 9.--Meari Requirements by Curricula Area of Associate Degree Engineering 
technology Programs Offered in Various Institutional Settings, as 
x * Calculated from a' Sample of 120 Such Curricula. 



Curric\T^ar Area Monotechni cal Polytechni cal Comprehensive 

Institutes Institutes Comm. Colgs 

: , "i 



Technical Specialties 


24 


.0 ! 


23 


.9 


21 


.2 


"Related Technical Studies 


7 


.5" 


7 


.4 


8 


.3 


Applted Sciences 


7 


.7 


6 


.2 


5 


.5 


Physical Sciences 


7 


.7 


6 


.8 


5 


6 


Mathematics 


8 


.8 


9 


.0 


7 


2 


Communications 


6 


.3 


5 


6 


6 


0 


Humanities/Social Studies 


6 


.4 


7 


7 


5 


8 


Other 


1 


.4" 


1 


6 


5 


6 


Total Technical Studies 


39 


.9 


39 


7 


36. 


7 


Curriculum Total 


72 


8 


71 


8 


67. 


7 



within the conformal limits of the whole-set profile. Programs in 
comprehensive community colleges, hoover, appear to have a cur- 
riculum structure with ^ somewhat different profile. The differences 
are discussed in the following: 

1. Community College curricula are shorter. This is not 
unexpected. Community colleges feel somewhat constrained to 
maintain equivalency in the length of all programs they offer; 
thus, the traditional length of the transfer (liberal arts) 
'curriculum, 60-64 semester hours , provides a boundary condition 
for the total length of curricula in technical fields. 

2. Community college curricula have lower requirements 
for total technical studies. This is an obvious corollary of 

■ the previous finding. What is surprising, however, is that the* t 
distribution of "total technical studies" in community colleges 
is irregular with re#pect to the whole-set profile rather than 
being uniformly lowar. For example, the amount of technical 
specialty subject matter required ,' although less than the mean, 
is within the conformal limits of the whole-set, but related 
technical studies, appear to a greater extent than tfie mean and 
technical sciences are below the conform^, limits. 

3. Physical science, and mathematics appear as require-, 
ments in community-college-based engineering technology cur- 
ricula to a lesser extent than these subjects do in curricula 
from other institutional 'settings. 

4. An appreciably greater number of credits in *the engi- 
neering technology curricula having a community college setting 
are in the "other 1 ' category, that is, are comprised of physical 
education, R.O.T.C., foreign language, and "free" electives. 



The differences just noted are individually minor, but considered 
collectively lead to the inferences that community college curricula 
t in engineering technology tend to be (1) less broadly based, since 
"they tend to have fewer credits in the applied and physical sciences 
areas, and (2) less abstract, since they tend to have a somewhat 
more limited mathematics content. And^ because their subset profile 
differs from that of the sample as a whole, it is also possible to 
infer that the curriculum structure of community college engineering 
technology programs may be based on an educational philosophy dif- 
ferent from that which motivates monotechnical and polytechnical 
institutes. Such a generalization, however, ie tenuous and must be 
used with extreme caution. 

r ' 

Currioular Differences Related to 
Technical Discipline 

Engineering technology curricula were expected to show some 

differences related to the tecnnical disciplines of the programs. 

For example, it was assumed that the typical curriculum structure 

of an electrical technology program might differ from that of a 

civil technology program. To test^this hypothesis, the curriculum 

structure profiles of th^ee subsets of curricula — mechanical , civil, 

and electrical--were plotted and compared. These were curricula 

all in the same kind of institutional setting; namely polytechnical 

institutes. Figure U shows the results. As can be observed from 
J 



FIGURE 4 . --Structural Profiles for Three- Kinds of Associate Degree 

'Engineering Technology Curricula, Illustrating Inter-program 
Structural Variance bv Technical Discipline. 
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a B1as» axis calibration adjustment; see note on Figure 2. 
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the figure, programs in different technical disciplines sometimes 
differ appreciably in the way in which requirements are distributed, 
especially in the technical areas of the curricula. 

% 

Because the curriculum structures of programs in different 
technical disciplines dp deviate from each^ other, an effort was 
made to assess this relative variance as compared to the variance 
in the structures of programs in different institutional settings. 
Hence w , an analysis was made of the average difference in meanj^or 
each set of profiles. The set of means for the entire samplejKthe 
whole-set) was used as a reference. Absolute values Prfer- 
ences between whole-set means and corresponding subset means were 
calculated point-by-point % Then, the averages of these point-by- 
point differences were calculated. The average difference of means 
was 0 . BT semester credits for programs in different institutional 
settings and 1.15 semester credits for programs in different cog- 
nitive domains. Thus, for the programs in this sample, the profile 
variance attributable to the "major" or "specialty 11 of engineering 
technology curricula is approximately 4 5' percent higher than that 
attributable to institutional setting. The structural variation 
between curricula appears to be more dependent on the kind of tech- 
nology with which it deals than on the kind of institution offering ' 
it. This may be an important finding. 

Curricula Differences 

Belated to Accreditation Status *** / 

* 

An investigation was made of the differences which may exi^st 
between engineering technology programs accredited by the Engineers 1 
Council for Professional Development and programs not so accredited. 
Two subsets of 25 members each were randomly .selected from the total 
sample; one such subset consisted of accredited programs, the othe'r, 
of nonaccre.dited programs. To test sa hypothesis that differences 
exist, the structural profiles of * accredited and non-accredited 
curricula were- plotted. Figure 5 displays the results, The shaded 
area on the figure represents the ronformal limits of the sample. 1 
With one minor exception (total xechij/ical studies for accredited 
curricula) , both profiles fall within the conformal limits of the 
whole sample's structural pattern .^The 'hypothesis of difference is 
not sustayied; the inference is that the accreditation status of a 
curriculum 'and its structural profile' are not significantly related. 



^The conformal limits for this figure are greater, by a 
factor of 1.4, than those employed vf or the previous analyses * 
(Figures 2 alnd 3). Use of subsamplea for this particular analysis 
introduces statistical sampling err^jpe—^hich increase the probable 
error in the computed means and hence increases the~Vange through 
which one must assume "conformity" of the^ prof iles ^/ 
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FI6URE 5. --Structural Profiles of ECPD-accred i ted an.d Non-accredited 
Associate Degree Engineering Technology Curricula 




CURRICULAR AREA 



Curriculum Total 

Total Technical Studies 

Technical Specialty 

Related Technical e Stud i es 

Technical Science's 

Physical Sciences 

Ma thema tics 

Communications 

Human i ti es/SociaJUStudi es 

Other 



Bias = axis calibration adjustment; see note on Figure 2, 

ECPD-accred i ted Programs 
Non-accredited Programs 



Modal Practices and 

Inter-program Consistencies „ * r x 

As was pointed out earlier in this paper, ( some of the data 
related to curriculum structure in engineering technology programs 
have variability characteristics which tend to limit the value of 
the me*an for interpretations of the central tendencies of the data. 
The mode in many cases is possibly a more useful statistic, especiall}' 
in describing usual practice. For example, the "Humanities/Social 
Studies" component of curriculum structure Csee T%ble 7) has assoc- 
iated with it a mean requirement of 7 semester credits i, hardly any 
single program contains such a requirement Close examination re- 
veals that the mode is 6 semester credits. In this case, actually 
three modes exist, one at 3 credits, another at 6 'credits, a third 
at 8 credits; these presumably represent the practice of requiring 
either one 3-credit subject, two 3-credit subjects, or two 4-credit 
subjects in this area. 

A profile of curriculum structure has been plotted to represent 
modal practice; this profile appears in Figure V>. In the figure, 
modes have been used as data points ratfrer than' the adjusted means 
which were employed for the previous plots. \The general similarity «- 



of Figure 6 to Figure *2 (ujfxoh ^Wks based^on means) is noteworthy; 
{ xFigure 6 h>as an £dvan£agjjWf^*|ty interpretation in terms pf the 
"^credit uni<ta#GonvSntio"h^Ll3^Ksigned to doll&ge courses, "Examination 

of individual curricula retf^ils that ni^ny engineering technology 

programs have Structural profiles which 'trac^ major sections of the 

modal profile, . 

# One jj , ° ssi t ) i e explanation for inter-program cons^stenc^pan be 
' offered- ASEE 1 s Characteristics of Excellence (the "McGraw. Report ") 
had, in 1962', suggested certain guideliij^s for the structure of engi- 
neering technology curricula. On Page 2 5 of this document, fgr j 
example, an illustrative curriculum was presented, showing a recom- 
mended distribution of credits in certain curricular areas. That 
distribution is indicated in Table 10'. Table 10 'also gives for com- 
parison purposes corresponding data for the curricular areas of the 
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FIGURE 6. --Modal Curriculum Structure Profile for Associate D^/ee^ Engineering f 
Technology Curricula 




m 



URRICULAR AREA 



Curriculum Total 
Total Technical Studies 

Technical Specialty ~ 

Related ^ pchnical Studies 

Technical Sciences 
Physical Sciences ' 

/ Mathajpatics^ 

Communications * 
Human 1 ties/Social Studies 



Other 



a B1as - axis -cal 1brat1on adjustment; e:g. "Curriculum Total" « ^ 
' M ♦ 7 ■ credits^ m , - r 
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TABLE 10..--Distributio'n of Credits in McGraw's "Illustration" and hi. 

the Modal Associ ate Degree Engineeri ng iTechnology*Program 
of 1970 ' i' : 9 






S eme s te r 
< 


Credi ts 


Curri cul ar Area * 


Suggested by 
* M'cGraw, 1962 t 


Modal 

Program, 1970 






** 


Total Technica'l Studies 
Phys i cal Sci ewces 
Mathemati cs 
Communi cati ojis 
Humanities/Social Studies 
Other 


39 
6 
12 

6 
3 


40 
8 

10 
6 
6 
2 


Curri cul um Total 


72 

• n 


72 



0 

modal engineering technology program discussed above. (Editorial 
revisions have been made both in the terminology used in the 1962 
McGraw Report and that previously used here in order to facilitate 
comparison; the McGraw Report did not treat as many curricular sub- 
divisions as were used here.) Examination reyea'ls a high degree of 
correspondence between items in the table. The inference is that 
the 1962 McGraw Report has had a tremendous directive influence on 
the evolution of engineering technology education programs. 



Summary 1 - 1 

Engineering Technology Education programs are available in 
seven kinds of institutional settings: 

1. Monotachnical institutes 

2. Polytechnical institutes 

3. Comprehensive Community colleges 

4- . Universities * ' 

5. ^Company schools 

6. Service schools " *' 
^ 7 . • Correspondence schools 

' ' The first four classifications accodnt for the majority of the 
programs . 
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For various reason^ it is difficult to inventory the national 
effort in engineering technology education. Perhaps' the best estimate- 
of the population is that approximately 560 institutions offer nearly 
1600 curricula. i 



ttculum structure* in engineering technology education programs 
varies somewhat' with institutional setting and with the technical discipline 
of the 'programs . Analysis of the distribution of the number of semester 
credits required in various curricular areas leads to the following 
estimates of "typical" structu/al profiles: 



Curricular Area 



Mean^ Requirement 



-* Technical Specialty 
\ Related Technical Studies 
Applied Sciences 
Physical Sciences 
Mathematics 
Communications 
Humanities/Social Studies 
Other 

Total Technical Studies 
Curriculum Total 

Profile analysis yeilds the following: 



23 
8 
7 
7 

8.5 

6 

7 ' 

r 

2 
39 
71 



1. Monotechnical and polytechnical institutes offer 
programs with essentially identical structures . 

^2. Community colleges offer programs which are shorter 
.JdlWy:al length, contain fewer credits in physical science 
^npmathematics , and have more "free" electives. 

3. University-based programs are like those in Trono- 
technical and polytechnical institutes. ^ 

4. . Curriculum structure varies rpore with program 
emphasis (technical discipline) than with institutional setting, 

5. . Programs which^&re accredited by ECPD do not differ 
significantly in their curriculum structure, from programs 
not^ECPD accredited. 

A comparison of the "modal" profile of existing engineering 
technology curricula (the mode bei^g for this purpose a more useful 
descriptive statistic than the mean) with the illustrative cur- 
riculum in -the McGraw Report reveals close correspondence between 
these two. 
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Implications 

The possib/er implications of the analysis described in this 
paper must be extrapolated, for tfiey are not entirely explicit in 
tne data. Tke implications fall* into two major domains. 
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First, Vit can be readily noted th^t t,he majority of engineering 

technology curricula have semester hour requirements—regardless of 

the institutional setting — which exceed those normally associated 

with two years of college work. The vange of requirements of the 

associate degree in' engineering technology was found to be from 

60 to 83 semester credits, w^th a mean of 71 and a mode of 72. To 

i f 

many observers, such data indicates a serious "overcrowding" of the 
curriculum, especially when the mean abilities of ent'ering students 
(see Chapter 7, herein) are considered. There may also be impli- 
cations that only ,c*ef*tair\ kinds of institutional settings are 
appropriate for engineering technology programs. 

And secondly, the lack of variability among programs—in most 
of the curricular areas treated and with- respect to several different 
variables — suggestAjthat a "lock-step" configuration may exist in 
this educational dSKin. While inter-program conformity may well 
help assure that certain minimum standards are being widely met, a 
high degree oml|uch conformity may indicate that' little educational 
experimentatioffvor innovation is occuring in the area. The charac- 
teristics of engineering technology curricula are well defined; cHT 
programs'" in this area have Structural patterns which are surprisingly 
similar and the differences which do exist among programs are minor/ 
But such conf onnii#<.;Lri itself gives rise to a dilemma with which 
educators and others sensitive to the needs in the area must wrestle. 
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ILLUSTRATIVE CURRICULUM ^JIDES FOR 
ASSOCIATE 1 DEGREE ENGINEERING 

TECHNOLOGY PROGRAMS • ^ 



The purpose of this chapter is to illustrate, without making 
evaluations j the kinds of aurriculum guides which aprpear in the 
catalog* or bulletins of institutions which crffer associate degree 
programs in engineering technology . Four examples are listed. In 
each case, a brief description of the institutional setting of the 
curriculum is given, but institutions are not otherwise, identified; 
course numbers, for example, have been omitted. The objective is 
merely to illustrate contemporary practice, not to imply endorsement 
of the examples presented. These illustrations are not necessarily 
to be regarded as models. 

At. Electronics Engineering Technology 
Curriculum * 

This electronics engineering technology curriculum is offered 
by a large, public, comprehensiv^*cpmmunity college ir^ the' western 
part of the United States.^ The total college enrollment exceeds 
10,000 students. Approximately 600 students are enrolled in associate 
degree engineering technology programs •> one-fourth of these are in 
electronics engineering technology. „ The institution operates on a 
semester calendar. The institution is regionally accredited, and 
the electronics curriculum is accredited by ECPD. 

Table 11 shows the curriculum guides individual subjects de- 
scriptions, quoted or paraphrased -from the institution's cataiog, 
are given in the following: 

Freshman English 1. — This course emphasizes wri^ng 
adequate English prose and includes practice in English 
fundamentals and elementary semantics. , Frequent practice 
in descriptive, narrative and expository writing stresses 
sound organization and technical correctness ; collateral 

reading is also required. 

- * 

Freshman English 2. --Writing and discussion are based 1 
on extensive and intensive reading 'and critical evaluation 
of literary material. Research is required, the emphasis 
being placed upon techniques of getting information, taking * 
notes, constructing outlines, organizing material, and 
writing the documented reporj . " «t ' 

Mathematics for Electronibs Technicians . --Including the 
basic principles of algebra and trigonometry, this course 
contains applications selected from the field of electronics* 



TABLE 11. --An Electronics Engineering Technology Curriculum 



00 
UL 

u5 



< 



O 
X 

o 

X 
Q- 

o 

00 



First Semester 



\ Subject 
Freshman Engl 1 s h .1 

Mathematics for Electronics Technicians 
Introduction to Electronics 
Drafting for Electronics Technicians 
Physical* Education* / 



Credit- 1 

3- 0-3 

4- 0-4 

5- 6-7 
0-6-2 
0-2-1 

12-14-17 



Third Semester 



Subject 

-Intermediate Electronic* 
Communications Electronics 
Calculus for Electronics 1 
General Physics 1 
General Education Elective 
Physical Education 



/ Credit 

3-i-4 
3-3M 
3-0-3 
3f-3-4 
2-0-2 
0-2-1 

14.11-18 



Second Semester 



Subject 

Freshman English 2 
Circuit Analysis 
# Base Electronics ^ 
General Education Elective 
Physical Education 



* Credit 

3-0-3 
3-0 c 3 
5-6-7 
3-0-3 
0-2-1 

14-8-17 



Fourth Semester 



Credit 



Subjeat 

Pulse Circuits 3-3-4 
Digital Computer Fundamentals 3-3-4 
Calculus for Electronics 2 
Electronics Measurements and 

Instrumentation 
Physical Education 



3-0-3 
0-4-2 
0-2-1 



12-15-15 
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The work covers simultaneous equations r quadratic equations, 
ftjid basic trigonometric relationships, with the emphases placed 
on network problems and the solution of alternating ' current 
circuits. 

• « 
Caloulue for Eleotronioe 1, 2. --These are 'courses in the 
method^ and results of calculus which are of the most direct 
^ use in the s-tudy of circuits . Study in the first course begins 
'with the fundamental concepts and the* basic operations of cal- 
culus as applied to power functions. The second course deals 
with trigonometric, logarithmic and hyperbolic functions, 
infinite series, and an introduction to^dif f erential equations. 

i Drafting for Eleotronioe Teohnioiane . --This is a one 
semester ^ course des igned to provide electronic technicians 
with basic skills in orthographic projection, dimensioning, 
chassis layout, block diagrams and circuit diagram layout. 

^ * General Phyeioe 1, 2 . --General Physics includes the follow- 
ing fields: mechanics , properties of matter, wave motion, sound, 
heat, magnetism, electricity > light, and atomic .structure . The 
main objectives of the course are to acquaint the student with 
the experimental method, to develop la^erratory skills, and to 
build up -an organized body of knowletT^e related to physical 
phenomena encountered 'in the student T s life. Necessary trig- 
onometry will be developed in the course; intermediate algebra 
is a prerequisite. . 

Introduction to Eleotronioe . --Covering the electrical 
fundamentals of electronics, this course is intended for those 
students who have no previous knowledge of electronics. It 
includes Ohm's law, DC circuits, power, meters, magnetism, 
batteries, inductance, capacitance, resonance, AC circuits, 
b filters. Laboratory^includes basic shop practices and work 
with electronics test instruments. 

' Circuit Analyeie. --This course provides an extensive 
coverage of electrical principles as applied to electronics 
circuity. Included are s*ch topics as basic network analysis, 
Thevenin's theorem, magnetic circuits, inductance, capacitance, 
alternating current, circuits , impedance matching, resonance, 
etc . Essentially, this is a problem course with the continuous 
application of theory to practical circuit analysis/ 

Baeio Eleotronioe . --Providing comprehensive coverage of 
the whole field of electronics, this course begins with a 
study of vacuum tube and transistor principles and parameters. 
This is followed by- a detailed analysis of rectifier circuits, 
ahd audio and video amplifiers, and radio frequency amplifiers. 
The laboratory york is closely coordinated with the lectures 
in order to develop practical applications of the theoretical 
concepts. 

Intermediate Eleotronioe . — Primarily a study of transistor 
physics and circuits, including a study of transistor parameters 
and large signal and small signal amplifier design, this course 
covers .transistor bias and stability methods and extensive 
qualitative analysis of many special semiconductor devices and 
circuits . 

Communioatione Eleotronioe . — Topics include AM, FM, mobile 
communications equipment, television transmitters and receivers, 
alignment and trouble- shooting techniques. 

Pulee Cirouite . --This course includes pulse amplifiers," 
linear wave-shaping, non-linear wave-shaping, multivibrators, 
timebase oscillator^ and generators, and applications of pulse 
circuits. 
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Digital- Computer Fundamentals . --This course includes an 
introduction to the logic and circuitry of digital computers, a 
survey of computers and computer programming, number systems 
and binary arithmetic,, and Boolean algebra as applied to logi- 
cal design. Included ; also is study of the basic electronic 
circuits used in digital cofhputers, computer arithmetic opera- 
tions, memory elements, and input-output devices. 

Eleotronioe Measurements and Instrumentation. --A study of 
various electronic instruments and measurement techniques used 
4n testing and analyzing electronic circuits. The course cov- 
ers devices ^nd methods used for sensing and presenting visual; 
displays of various quantities, including transducers, oscil- 
loscopes, analog and digital display devices, recorders, and 
telemetry. 

A Civil Engineering Technology 
~ Curriculum 

This civil engineering technology curriculum is^offered at a 
public monotechnical institute which is a separate branch of a south- 
-eastern engineering college. The branch has approximately 1100 
.students enrolled in ten engineering technology curricula; about one- 
third of the enrollment is in civil engineering technology. A 
quarter-based calendar is used. The curriculum currently ig accred- 
ited ECPD, and the institution is accredited by the appropriate 
^ regionaQ. assopiation . 

Table 12 shows the curriculum guide; individual subjects in the 
curriculum are described in the following quotations or paraphrases 
. from^the institutional catalog: 

r 

English 1. --Planning the composition, effective paragraphs, 
effective sentences, some attention to grammar and punctuation. 

English 2 . --Vocabulary building, dictionary study, practice 
in developing sentence style, precise writing, paragraph tech- 
nique, and business* correspondence. - 

Technical Wri ting . -^Study of the fundamentals of technical 
writing style and mechanics, with practice in preparing reports 
of the various types most likely to be used on the job by engi- 
neering technicians . 
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Public Speaking. --Study and practice in the fundamentals 
of public speaking. The subject includes training in selecting 
a topic, obtaining and organizing material, and presenting 
speeches effectively. Each student makes several speeches before 
an audience. « 

Psychology . A study of basic psychological causes of 
human behavior which includes both environmental stimulation 
and internal factors such as needs, drives, attitudes, and 
frustration; followed by psychological testing and placement 
and group behavioral patterns applied to such areas as group 
communications and interactions, group leadership, industrial 
training, and industrial safety. 

Engineering Drawing, --Introduction to drawing, use of 
instruments., lettering, geometric* construction, orthographic 
projection, auxiliary views, dimensioning, $nd drawing con- 
ventions . 

' l 50 



TABLE 12.--A &Jvil Engineering Technology Curriculum 



First Quarter 



Subject 



Credit 1 



5-0-5 



Materials and Architectural 
Drawings 

Elementary Surveying 1 1-3-2 

Engineering Drawing 1 0-6-2 

Algebra 5-0-5 • 

Computer Prograjwoi ng 0-3-1 

11-12-15 



Second Quarter 



Subject 

Elementary Surveying 2 
English 1 
Trigonometry 
Physics 1 



Credit 

1-6-3 

3- 0-3 
^-0-5 

4- 2-5 



13-8-16 



Third Quarter 



Subject 



inq 
cW 



Highway SW'veyi 

Construction 
Engineering Hec 
English 2 
Analytic Geometry and 

Calculus 



and 
nics 



Credit 

5-£-7 

2 - .0-2 

3- 0-3 

5-0-5 
15-6-17 



Fourth Quarter 



Subject 

Strength of Materials 
Land Surveys 
Physics 2 
Psychology 



Fifth Quarter 



Credit 


Subject 


Credi t 


3-2-4 


"Municipal Sanitation 




2-6-4 


and Hydraulics 


.4-3-5 


4-2-5 


Soils and Material s 




5-0-5 


Testing 


3-6-5 




Technical Mri ti ng 


3-0-3 




Physics 3 


4-2-5 


14-10-18 


« 


44-11-13 



Sixth Quarter 2 



Subject 

Estimati ng 
Structural Drafting 

Concrete 
Topographic and 

Corjtour Surveying 
Heavy Construction 
Publ ic Speaki ng 



Credit 

3-3-4 
0-4-2 

2-6-4 

2- 3-3 

3- 0-3 
10-16-16 



Entries under "Credit" indicate, respectively, class hours, laboratory flfours , quarter credit hours. 
2 The curricula* total is 100 quarter hours (approximately equivalent to 66 semester hours);. no electives 



appear. 
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Algebra. --Systems of equations; exponents and radicals; 
quadratic functions; graphs of function's; ratio, proportibn 
and variation; complex numbers; higher degree equations; in- 
equalities; logarithms; progressions and determinants. 

Trigonometry. — Trigonometric functions, plane right 
triangles, reduction formula, fundamental relations, identities, 
addition formulas, double angles, half angles, inverse func- 
tions, solution of oblique triangles , 'logarithms, and complex 
numbers. * 

Analytic Geometry hnd Calculus . --An introduction to the 
analytical study of the straight line and conic sections. A \ 
survey of fundamentals of the calculus, including the, differen- 
tiation and integration of polynomials. Applications to rec- 
tilinear motion, macima and minima, areas, maxima, fluid pres- 
sure, and work. 

Computer Programming 1 . --An introduc^bn to programming 
' m the digital computer for solving elementary problems in math- 

ematics* and technology . 

Materials & Architectural Drawings. — An introductory 
study .of reading architectural drawings, the physical proper- 
ties of materials that are used in structures, and the lang- 
uage of construction. v 

Elementary Surveying J. --Care and use of engineer f s level, 
transit and tape, leveling, traversing. 

Elementary Surveying 2?--Continuation of Surveying 1: 
Closure and area computations, stadia/ contours, building lay- 
% outs, profile levels, U.S. System of Land Surveys, earthwork, - 

lines and grades, city surveys, the interpretation and plotting 
of field notes of topographic surveys. 

Highway Surveying and Construction. --A study of highway 
location, geometric considerations, drainage and sizing of 
drainage structures, grading and earth movement, soil stabi- 
lization and road surfacings, and preliminary and construction 
surveys for route locations. Included are simple, compound, 
reverse, and multi-centered circular curves, highway and rail- 
• way spiral easement curves, superelevations, and parabolic 

vertical curves. The laboratory time is used for field lay- 
out of curves, earthwork problems, and -the preparation of a 
complete set of highway plans . 

Municipal Sanitation and Bydraulics.--K study of sources, 
collection, treatment, and distribution of municipal water 
and sewage systems. The subject matter includes f}ui£ statics, 
flow of an incompressible ideal fluid, flow 'of real fluid in 
pipes, multiple pipe-line problems, liquid flow in open channels 
and fluid measurements. The laboratory time is used for fluid-* 
flow measurements and visits to water and sewage plants. 

Structural Drafting-Concrete . --A s*tudy of various types 
of concrete floor system^ and preparation of working drawings 
for the concrete members of a structure. As a term project, 
* the student is given the design for a multi-story concrete 

framed building from which he prepares £he structural plans 
and the shop details for a part of the reinforcing steel. 

Engineering Mechanics Statics ; principles and applications 
^0fof free body diagrams for force systems, shear and moment 
^dj-agrams, deflections of beams by numerical integration, de- 
termination of section properties . ( 

Strength of Materials . --A discussion of strength of materials 
concepts. Subject matter includes stress and strain analysis, 
both elastic and plastic, with emphasis on elastic analysis of 
axially loaded members, connectors, *beams and columns. 

EMC 53 . 



■45- 



Estimating course designed to develop a method of 

preparing material and labor quantity! surveys f rom 'actual 
working drawings and specifications. 

Soils i Materials Testing . --A study of aggregates, cement, 
concrete , sqxIs , fc Testing aggregates, mix designs, adjustments, 
slump, t!Sl dilations of concrete characteristics, actual mix- 
ing, curing and testing. Theory of soil mechanics as applied 
to permeability, consolidation,' shear strength, unconfined and 
triaxial compression, Inplace density, Atterberg limits, com- 
paction tests, specific gravity, grain size, classif ication of 
soils. Asphalt properties, mix design, and testing. ? 

£and Survey s . --Theory and practice of land surveying, 
subdivision; filing and Recording deeds; U.S. system of land 
subdivision; plane coordinate systems; county and state laws; 
city surveying procedure; use Of instruments and computations- 
on astronomical observations for azimuth determination; State 
Land Lot System of land subdivision. 

Topographic "and Contour Surveying. --Theory , description, 
and use of advanced surveying instruments and methods; practice 
of state and^local coordinate systems for cadastral surveys 
and construction work; field work for the design and construction 
of engineering projects; use of the Plane Table on Topographic 
surveys ; altimetry , optical- type instruments ; triangulation; 
base-line measurements; hydrographic surveying. 

Heavy Construction. --Heavy construction operations; fund- 
amentals, equipment, earth excavation and movement, drilling •¥* 
and blasting) production of stone aggregate, concrete mixing 
and placing, pile driving , cofferdams , foundations . 

Phy8ic8 1 (Mechanics) .--An introduction to Newtonian 
^ mechanics. The subject matter includes measurement, acceler^t- 

f ed motion, ballistics, the laws of motion, friction, statics, 

circular motion,- work, energy, momentum*, rotary motion simple 
machines, elasticity, simple harmonic motion, and* the statics 
and dynamics of fluids. " > 

Two demonstration lectures and two recitations pe? week. 
Laboratory exercises supplement the work in the classroom. 

Physics 2 ("Electricity and Magnetism) . — An introduction to^ 
electromagnetic theory and its simpler applications. The sub- 
ject matter includes electrostatic forces, fields, and potentials, 
electric Current, res istance simple d-c circuits, capacitance, 
magnetic forces and fields, electromagnetic induction, induc- 
tance, simple a-c circuits, and electromagnetic radiation. 

Two demonstration lectures and two recitations per week. 
Laboratory exercises supplement/ the work in the classroom. 

Physics 3 (Heat, Sound, Light, Modern). --An introduction 
to the theories of heat, sound, and 14ght. and*.a -study of their 
simpler applications. The subject matter includes thermometry, 
elementary thermodynamics, heat transfer, wave motion, sound, 
reflection and refraction of Tight, and physical optics. 

The modern physics segment includes brief considerations 
of relativity, quanta, atomic structure, the nuclear the nuclear 
axom, radioactivity and nuclear energy 
j Two demonstration lectures and two recitations % per 'Week . 

~s Laboratory exercises supplement the Work in the classroom^ 

A Mechanical Engineering Technology 
' Curriculum * 

x This mechanical engineering technology curriculum is offered 
by a publio polyte^hnical institute in *the northeastern section of 
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the "United States. The institution has a total enrollment of 

approximately a k 50 st\ide1its; some 3S0 of these are fftrolled in five' 

engineering technology programs offered, about 80' in this curriculum. 

The curriculum is .accredited by ECPD. A semester-based calendar is ^ 

employed . . 

. i- * 

Table 13 gives the curriculum guide; the subject descriptions, 

abstracted fronf-the institution's catalog, appear in the following: 

Technical drafting --This course provicie^s basic know- 
ledge of the standards and uses of 'drafting and develops skill 
in the use of drafting equipment. It covers lettering, prin- 
ciples of projection, .auxiliary views , sketching, layout, geo- 
metric construction, and 'diiaensioning . 

Technical drafting 2 V --The fundamentals of graphic theory 
as applied to mechanical engineering problems as developed 
i through a study ^f the relative position of points, lines, * 

and planes in space; also covered are intersections and develop- 
, ments of geometrical solids^, the recognition of standard sfmbols 
for materials and mechanical parts, and their use in diagrams / 
and drawings. * f 

4£j|fl English 1. --Designed to teach the student to read and tflK* 
^F^cHfcically , to-wrrfca^ef f ectively and to understand the funda- ; 
mentals of written and oral composition. Sentence structure, 
paragraph development, and the construction of essays iijj^lving 
the collection and use of m|terials are stressed. Atte 
given to the proper delivery "bf oral material. Some in 
is given in the principles of correspondence. A major 
paper is required in this course. 

English 2. —A continuation of English 1, str#esing the 
analysis and development of the formal patterns of expository 
writing. Selected works £rom b^h classical arid current 
literature are critically examinech-and evaluated in lecture 
as a basis for class discussion,. Theme assignments rapge from 
the simpler types- of expository writing to the formal research 
paper. A major written report is required. ^ 

Manufacturing Processes 2.--A study of the various 
manufacturing processes used in industry. Laboratory work 
includes layout work and the use of the basic hand tools, ancf 
the operation of drills, milling machines, shap£rs , and grinders. 
Demonstrations are given with automatic and special machines. 
Field tripd are take,n to local man\^acturing plants. ^ 

Manufacturing Processes 2. --This course places emphasis 
—on the* hot manufacturing processes £nd includes the study of 
metallurgy, foundry work, arta the fabrication of metals by 
welding. Laboratory worjcincludes the preparation of metallurg- 
' ical specimens for metallographic examination and to interpret 
grain structure. Work is^ given ±fc-.heat treating and the use of ' 
the Brinell, Rockwell, and Scleroscope hardness testing machines. 

} 'Strength 'of Materials . --The first part of the' -course deals 

«ith statics, including various forces and static and kinetic 
riction, and a review of physics leading into a study of the 
physical properties of common materials. Study is' made of the 
internal stress and deformation of elastic bodies resulting 
from the action of external. forces . 

Hydraulics & Pneumatic Contrd%.--h study of elemerttary 
fluid mechanics with emphasis on >the' use of hydraulics and 
^pneumatics for pow«r transmission and for control . purposes . 
^—fi study of the basic components ( of hydraulic and pneumatic 

systems and how they are combined to build up various circuits. 





TABLE 13:--A Mechanical Engineering Technology Currlr.uT 
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First Semester 



Subject 

Manufacturing Processes 
English ] 

Technical Drafting 1 
Technical Mathematics 
Physics 1 

Physical Education ' 



' Credit^ 

3-3-4 
'3-0-3 
0-6-2 
5-0-5 
3-3-4 
0-2-0 

14-14-18 



Third Se/neftfter 



Subject , 

.Strength^of Materials 
Hydraul 1cs 4 Pneumatic 

Controls 
Tools ft Jig Design 
Basic Mechanisms 
Principles of Economics 



n Credit 

3-3-4 
3-3-4 

2-6-4 

2- &-4 

3- 0-3 

* 13-18-19 



Second Sejuest^r 



Subject Credit 

Manufacturing Processes 2 2-3-3 # 

Engl ish 2 3-0-3 

Technical Drafting 2 0-6-2 

Cal cuius 4-0-4 

Computer Programmi ng 2-0-2 

Physics 2 3-3-4 

Physical Education 0-2-0 

14-14-18 



Fourth Semester 



Subject * 

Machine Design "* " - 
Des1g,n Problems 
Electricity ft Control. 
Labor Economics 
Introduction to Philosophy 



Credit 

3-3-4 

2- 6-4 

3- 3-4 
3-0-3 
3-0-3 

14-12-18. 
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.Electricity & Controls . --An introduction to electrical 
circuits and equipment with emphasis on -fhe concepts of elect- 
rical physics. The Aato portion and part of the classwork 
place special emphasis on electrical control circuits and how 
they are used in conjunction with hydraulics and pneumatic 
circuitry. ^ 

* Basic Mechani8frt8 . —A study of the characteristics of 
* mechanisms used to provide motion. The uses and design of 
belts*, linkages, cams, ratchets, valves, clutches, universal 
joints, and gears are a few of /the problems considered. 

Machine Design . --The design principles of machine elements 
and the calculations nece^ar^in determining the size and 
shape of various machine parts. i Attention is given to the 
various types of loading conditions, stresses, tolerances, 
finishes, and other factors which must be considered in the 
design of machine Elements. t „ 

Tool and Jig Design, — This course applied the application 
of design principles, mathematics, and basic science to the 
stu<Jy of the design of 'cutting too-la, gages, and folding de- 
vices which may be required in ,the manufacture of items by 
automation and mass production. ~^~"*N 

Design Problems . --The opportunity to use advanced draft- 
ing techniques while designing a complete machine or component 
parts. The application of knowledge of mathematics and science 
to practical problems in designing. The course is designed to 
encourage the student t6 use his judgment, initiative and know- 
ledge to complete a problem. 

Technical Mathematics -Relation of mathematics to engi- 
neering applications and^ development of an appreciation of the 
-importance of precision in mathematical thought. Covers use of 
slide rule, soluti6n of linear and quadratic equations, exponents 
and radicals ^ logarithms , exponential functions, sine and co- 
sine laws, binomial expansion , and progressiqns , vectors,* oper- 
ations with imaginary and complex numbers, polar and rectangular 
coordinates, trigonometric identities and equations, graphs of 
trigonometric functions, and selected topics from mathematics 
of investment. * 

Calculus . --Presentation 'of basic concepts of plane analytical 
geometry and 'fcalculus . Emphasis placed on techniques of dif- 
ferentiation and integration and" their applications in the tech- 
nical fields . h 

Computer Programming. --Introduction to flow charting and 
the BASIC and FORTRAN languages; their use in solution of math- 
ematical and engineering problems ; application of data to 
existing programs 

Physics l . --The purpose of this course is <£o give the stu- 
dent in engineering technology a thorough study of the basic 
principles of physics. Topics covered in this course are systems 
of measurement; dynamics, including motion, acceleration, forces 
producing motion, and power; statics including concurrent and 
non-concurrent forces; heat including specific heat., latent 
heat, knd heat transfer; fluids, including**i&aaperties of gMA3, 
.fluid pressure, density, buoyancy, .and hydraulics; sound' 
eluding simple harmonic motion, wave motion, and acoustics. 

Phys iaB 2 . --This course in a continuation of Physics 1, 
and is a study of electricity and magnetism, including fields 
of force, potential; current, series and parallel circuits, 
energy, power, induction, capacitance, and AC series circuits; 
light, including reflection, refraction, thin lenses, spectra,* 
interference, diffraction, .and polarized light; atomic and 
nuclear physics. 

5'J 



Principles of Economics . --This is an introductory bourse 
in which thepry and practice are integrated. It includes 
issues of public interest where economic analysis has a direct 
bearing. In the micro-economic area (dealing with the individ- 
ual parts of the economy) price theory is covered; a heavy 
emphasis is placed on micro-economic theory in the area of un- 
employment, national income, inflation, the balance of payments 
and economic growth. Economics is a systematic subject and its 
fundamentals are carefully studied. 

Labor Economics . --This course deals primarily with such 
modern problems as unemployment, inflation, race relations and 
poverty. Union organization and^its effects in the 'market 
structure are emphasized. Public and private approaches to 
security in pl$ age, disability and unemployment are discussed 
in depth. Government legislation^ and control over the labor- 
management area are covered, especially the Wagner Act, The 
Taft-Hartley Act and the Landrum-Grif f in Act; civil rights 
legislation, fair employment, equal pay legislation and labor 
negotiations are covered. 

0 

Introduction to Philosophy . --This course includes a meth- 
odical examination of the diverse viewpoints, methods, and 
conclusions of significant philosophers in such topics as 
political philosophy, ethics, philosophy of religion, theory 
of knowledge, and the problem of appearance and reality. 



• A Chemical Technology Curriculum 

*> 

This chemical technology curriculum is offered by a public, 
comprehensive community college in the "Middle Atlantic*" region 
of the United States. The institution originated as a pplytechnical 
institute, but it has become comprehensive in its offerings fairly 
recently. The institution uses a quarter-based calendar. The 
institution is regionally accredited, ECPD has accredited this 
curriculum, and other specialized curricula have been accredited by 
the appropriate agencies. The college has more than 4 OOCT^fetudents ; 
400 of these are in engineering technology programs, with about 30 
in chemical technology. j 

The curriculum guide is given in Table 14; subject descriptions 
quoted or paraphrased from the institution's catalog, appear in the 
following * 

English 1 . --Introduction to the nature and histor/ of 
language. Semantics. Levels of usage. The construction of, 
effective sentences and paragraphs. Critical reading of relate 
essays . 

English 2. — Instruction ahd practice in the different type 
of writing including informative, evaluative and persuasive. 
Style, tone and diction, and their relationship to the writer's 
purpose. Critical reading of related essays. 

English 3. --The rftding^of pro^e selections dealing phil- 
oscphically with man and his views of the world. Development 
of analytical reading, critical thinking and effective com- 
munication. 
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TABLE 14. —A Chemical Technology CQrrlculum. , 



FRESHMAN YEAR 


t 

First Quarter 


^ Second Quarter 


Thi rd Quarter 


r Subject Credit 

f* h o wH C f ru 1 A o c 

unejBis try i 4 - J - p 
Orientation 1-0-0 
Engl1sh<l 3-0-3 . 
College Algeb.ra aha 
and Trigonometry *-Q-4 
Engineering Drawing 0-3-1 
Phy5lfs 1 3-2-4 


Subject Credit 

Chemistry 2 4-3-5 
Sociology, k 3-0-3 
Engl ish 2' 3-0-3 
Analytic Geometry , A , 
and Calculus 1 J "°" ;3 
Physics 2 3-2-4 


Subject Credit 

Chemistry 3 4-6-6 
Computer Programming 2-2-3 < 
English 3 3-0-3 
Analytic Geometry 

and Calculus 2 rf 
Physics 3 3-2-4 


14-8-17 " 


16-5-18 


15-16-1$ 


SOPHOMORE YEAR 


C All nf k A i i n — ^ — . . - 

r ourin quarter 


Fifth Quarter * 


Sixth Quarter" 


Subject Credit 

Quantitative - c c 
Analysis 1 3 ' 6 " 5 
Organic Chemistry 1 3-6-6 
Stoichiometry 4-0-4 
Analytic Geometry , n * 
and Calculus 3 3 "°~ 3 * * 


Subject Credit 

Quantitative , c , 
Analysis 2 J-o-5 
Organic' Chemi stry 2 3-6-5 
Unit Operations 1* 3-3-4 
Sociology. 2. 3-0-3 


Subject Credit 

Instrumental Method* * 
of Analysis J-6-5 
Organic Chemistry 3 3-6-5 
Unit Operations 2 3-6-5 
Sociology 3 3-0-3 


13-12-17 


. . 12-15-17 


12-18-16 
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Engineering Drawing .--A b^sic drafting bourse designed to 
orient the student in lettering, measurements, line work, use' 
of instruments, sketching, orthographic projection. Exploratory 
work in the areas of dimensioning and note$, sections, auxil- ♦ 
iaries ^nd assemblies. Use of catalogs, printed data sheets. 

Chemistry i . — X theoretical - treatment of fundamental prin- 
ciples and laws underlying chemical action, their integration 
'with'the theories of atomic structure and chemical bonding, 
and correlation with the position of the elements on the periodic 
chart. Atomic structure, the periodic chart, chemical bonding, 
the states of matter, gases, thermochemistry , chemical arith- 
metic, with emphasis on structure and energy changes. 

Chemisfy* 2. --A continuation of Chemistry 1 to include 
solid and liquid structure, solutions, chemical and physical 
equilibrium, introduction to chemical kinetics, voltaic cells, 
electrolytic cells, redox, nuclear chemistry. 

Chemistry 3. --First in a sequence of courses to familiar- 
ize ^ the •student with analytical chemistry in which both quali- 
tative analysis and quantitative analysis are integrated. 
Theory in solution equilibria and chemical methods of separa- 1 
tionanc measurement. The laboratory work in qualitative 
chemistry includes the identification, of the more important 
cations and^ anions and -the analysis of mixtures. 7ke c-ar/ti- 
tative portion includes gravimetry, neutral lme try , precipiti- 
* metry, redoximetry and compleximetry . 

Quantitative Analysis 1. — A continuation of Chemistry 3 with 
an emphasis' on the application of physical and chekical theory, 
to the more important gravimetric, volumetric and elementary 
instrumental metho'ds of analysis. Laboratory Work requires 
statistical treatment of analytical data and the practical 
application of computer programming for quantitative analysis. 

Quantitative Analysis 2 .-- Instrumental methods of analyt- 
ical chemistry, primarily electrochemical methods. Laboratory 
experiments in pot entiometry , polarography , coulometry, conduct- 
imetry, radiochemistry and electrogravimetry . Related technical 
report writing . ' 

Instrumental Methods of Ana lysis .-- Instrumental methods 
of analytical chemistry, primarily optical methods. Laboratory 
work in visible, ultraviolet and infrared spectrophotometry, 
chromatography— column, paper, thin layer, and gas. Cnemical 
microscopy and emission spectroscopy. 

Organic Chemistry i. --Basic principle^ of organic chemistry, 
employing the reaction- mechanisms and transition state consider- 
ations. Structure and reactivity, alkanes, free radicals, 
alkenes^ carbonium ion theory,- electrophilic addition, alkynes, 
di 5 n6 i S £ resonance, elecrophilic aromatic substitutions, arenes, 
and alkyl halides ;* laboratory stresses basic techniques of 
reactions, separations and isolations . 

Organic Chemistry 2.--A continuation of the study of 
additional classes of organic compounds followed by a study 
of tautomerism, stereochemistry, carbohydrates, proteins and 
dyes in terms of modern structural theory. Properties are 
linked to structure by a study of reaction rates, equilibrium, . - 
transition state and activation energy, reaction mechanisms, 
resonance and orbital theories. 

t Organic .Chemistry 3... The identification of organic com- 
p6unds by correlation of fundamental properties and the be- • 
havipr of organic compounds with their structures. Preparation 
and properties of polymers. 
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Stoichiometry . — A first course in chemical engineering 
background. Application of chemistry, physics and mathematics 
in 'solving engineering problems. Special emphasis on dealing 
with material and errergy balances and the solution of problems. 

Unit Operations 1.--A theoretical treatment of the basic 
unit operations ".of chemical engineering, including fluid flow, 
heat transfer, evaporation. Laboratory experimentation is con- 
ducted in the above areas using pilot plant size equipment. - 

Unit Operations 2.--A theoretical treatment .of the basic 
unit operations of chemical engineering, including evaporation, 
distillation, drying, gas 1 absorption and filtration. ' Laboratory 
experimentation is conducted in the above areas using pilot 
plant size equipment . 

Algebra and Trigonometry . --Topics in algebra and trigo- 
nometry necessary in technical courses: system of real numbers, 
functions in general, graphs of functions, complex numbers, 
theory of equations, systems" of equations, permutations and 
combinations, binomial theorem, as well as exponential, log-* 
arithmic and trigonometric functions. 

Analytic Geometry and Calculus 1 . --Rectangular coordinates 
in a plane, the straight line, slope and inclination ecuatior.s 
of curves, discussion of a curve, functions and limits, inde- 
terminate forms, continuity, tfce derivative, differentiation of 
algebraic functions. 

Analytic Geometry and Calculus 2 . --Applications cf der^iva-^ 
tives, maxima and minima, differentials, indefinite integral, 
definite integral , applications of definite integral . Area 
between curves, volumes by cylindrical washers and shells, length 
of plane curve, centroid and second moment of area, moment cf 
inertia . 

Analytic Geometry and Calculus 3. -- Integration by standard 
forms, integration by parts , trigonometric substitution , 
partial fractions, use of table of integrals, applications of 
definite integrals. Trapezoidal and parabolic approximation, 
improper integrals, indeterminate forms, infinite series, ex- 
pansion^ of functions in series. 

Physics 1 (Mechanics) . --Composition and resolution, of vectors, 
equilibrium, concurrent and nonconcurrent forces, friction, 
statics, kinematics and linear motion, projectile motion, cur- 
vilinear motion, work and energy. 

Physics 2 (Mechanics, Beat and Sound) . - -Power , impulse and 
momentum, oscillatory motion, fluid mechanics, thermometry, 
thermal expansion, thermodynamics, change of phase, heat transfer. 
Wave motion, intensity and quality bf ( sound waves. 

Physics 3 (Electricity ani Magnetism; high t ) .- -Coulomb ' s 
Law, electric fields, potential energy and potential, DC and AC 
circuit's, conduction in solid liquids and gases. Photometry, 
geometrical optics, refraction and reflection, nature of light. 

Sociology 1 . --Sociological facts and principles dealing with 
the scientific study of human relationships. Emphasis on analysis 
and study of culture and human society, socialization, groujjl 
and group structure. 

Sociology 2* --Stratification , collective behavior patterns 
and the various social institutions including- associations , the . 
family, and education. The application of sociological prinoiples 
relating to the agents of social change. 

Sociology 3. --The structure of the aggregates of population, 
minority groupings, c^ime and delinquency, and major- changes in 
technology, urbanism and political Structures as they relate to 
man . 
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/ , CHAPTER 4 



MATHEMATICS AND PHYSICAL SCIENCE IN ASSOCIATE 
DEGREE ENGINEERING TECHNOLOGY CURRICULA: 
A STUDY OF TOPIC COVERAGE IN 
% SELECTED COURSES • 



This paper describes some characteristic's of the mathematics, 
chemistry, and physios courses taught in institutions which offer 
associate degree engineering technology curricula. It gives some 
insights into the topics -included in syllabuses for su^h courses 
and the relative emphasis placed on each topic by certain institu- 
tions chosen as illustrative examples . Where possible J inferences 
are drawn about factors which may be related to various differences 
discovered in topic coverage practice . 

Procedures and Sample ' 

Data for this study were collected by several 'means : personal 
visits by the writer to 24 institutions which offer associate degree 
engineering technology curricula; concommitant interviews with faculty 
members at these institutions; examination of catalogs and other 
institutional publications; and a series of ^questionnaires completed 
by faculty members teaching the courses which were the subjects of 
this investigation. The visits, interviews and document examination 
provided general information about the nature of these courses /the ' 
facilities provided for them, and the institutional philosophies re- 
lated to them. The questionnaires sc-ught to elicit information about 
the relative emphasis given to various' topics in the syllabus for 
each course. 

The 24 institutions which constituted the sample ^were selected 
from all geographic regions of the country and were equally repre- 
sentative of monotechnical institutes (institutions offering engi- 
neering technology curricula only), po*ytechnical institutes (insti- 
tutions offering a variety of technical programs, hea]^- business- , 
and -other-related , as well as engineering technology), and compre- 
hensive community colleges (institutions offering transfer, technical 
and adult education programs). The sample contained both institutions 
with one or more curricula accredited by ECPD and institutions with 
curricula not so accredited. 
... 

All institutions in the sample supplied catalog and document 
data; not all, however, responded to the questionnaires. In addition, 
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some questionnaires were incomplete or late and were not included 
in the* analysis . Furthermore, not all institutions offered a chem- 
istry course, which further k reduced the data base in that area. The 
limited data base, however, is not considered a serious defect, since 
the purpose of this study is to illustrate—rather than to define— 
practices in the presentation of mathematics and physical science 
in engineering technology curricula. 

The investigation was limit e'd* to mathematics, chemistry, and ' 
physics subjects; the questionnaires related to each of these area 
are reproduced in Appendices B,*C% and J) 9 respectively . ^ Faculty 1' 
members indicated,, in completing the questionnaires, the" extent of 
topic coverage for various topics on a five-point scale, as follows: 

A. Not Covered ♦ 

B. Introduced Only , 

C. Brief Discussion 

D. Covered in Some Depth 

E. 'Covered in Detail 

The choice of a subjective measure of topic ^ov^rage was deliberately 
made. Alternative techniques, which might have" involved "time in 
class, " "percent of total course," or similar pseudo-quantitative 
measurements, were deemed to be cumbersome^ and impractical in light 
of the resources available for subsequent 4 analysis and'the limited 
goals of the investigation. 

Findings. are reported separately for mathematics, chemistry, 
-and physics. Details are given in tables appearing later in the ' 
report. In these tables, entries under the heading, Frequency of 
Response, Coverage Given represent the numbers of times which A, 
B, C, D, and E, respectively, were checked by the faculty members 
who responded to the questionnaire. Numbers in columns headed 
Item Score are obtained by first multiplying each frequency by an 
appropriate weighting factor (arbitrarily chosen here as 0 for A, 
1 for B, 2 for C, 3 for D, and M for E) , then summing these products, 
and finally dividing this sum by the tot^l of tbe frequencies. 
That is, 



y f .w. 



i = A,B, . . . ,E 
TJ > 



where S=the item score, f^=a given frequency, w^=the weighting 
factor, and N=£f^=the total frequency. The item score, S, thus 
represents a crude measure of the average relative emphasis given 
to each topic . 

The value of S for a particular topic could conceivably range 
q from 0 (no institution includes the topic) to 4,0 (all institutions 
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cover the topic in detail)*; actual S values are expected to range 
less widely. It^was judged sufficiently descriptive here to regard 
topics with an item "score of 1.3 or lower as ones generally receiving 
little or no emphasis, topics with "scores ih the range from 1.4 
through 2.7 as receiving "moderate" emphasis, and topics with item 
scores of 2.8 and above as receiving, "substantial" emphasis. The 
Relative Emphasis 'columns in the data tables indicate the topics 
which appear to receive moderate (*) and substantial (**) emphasis 
in associate degree engineering technology programs. 

Finally, the data tables will indicate—in instances where 
approciable differences appear to exist—whether technical colleges 
(T) or comprehensive community colleges (C) give the greater relative 
emphasis to a particular topic. Entries are made under a column 
headed Emphasis Difference. To obtain data for this column, item 
scores were separately computed for the * technical co£leges and the 
community colleges in the sample. These scores were compared and 
if they differed by more than 1.0, the appropriate symbol, T or C, 
was entered in the table to indicate which item score was greater. 

I 

MATHEMATICS r 

v 

All associate degree engineering technology curricula contain 
courses in mathematics, ^n effort has been made here to identify 
the general characteristics of such courses by studying a small 
sample. The results of the study are presented in the following . 
sections . 

Nature of the Sample 

The mathematics courses at 17 institutions were included in" ^ 
the analysis. Three other institutions submitted questionnaires, 
but these responses were late or incomplete and had to be rejected. 
The 17 institutions submitting usable data had a national distri- 
bution geographically and consisted of 9 technical colleges (mono- 
technical institutes and polytechnical institutes as defined else- 
where) and 8 comprehensive community colleges; 11 of these instit- 
utions had one or more curricula accredited by the Engineers' Council 

for Professional Development and 6 did .not. The sample is reasonably 

i 

representative by region and institutional type, but is slightly 
biased in f avor „of institutions wj»th ECPD-accredi^d curricula. 

% General Observations 4 

Most often, the mathematics sequence at the institutions in 
the sample appeared as a series of three courses each carrying 3 

4 
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semester, credits (5 quarter credits for institutions pn a quarter- 
based calendar). ..Some var/Lations in this pattern were discovered, 
including sequences such 3-3, 4-4-4 r 5-5-2, 4-3-3, and others. 
In general, .the ctourse titles associated with sequences of three 
courses' were Algebra, Trigonometry J and Elements of Calculus, or ' 
similar titles; as might be expected, considerable variation among 
institutions was noted. The cartalog descriptions these courses 
frequently implied that the courses in the sequence — especially^ 
Elements of Calculus--were open to engineering technology students 
ofil^. The catalogs £lso frequently implied tha.t certain mimimum 
prerequisites had to be met for enrollment into the first course v 
in the ^sequence; in most cases, remedial cours'es were offered, with- 
out cVedit, for the benefit of students who lacked such prerequisites. 

Topic Coverage 

The questionnaire related to topic coverage in mathematics- 
(Appendix B) contained 466 items in 56 concept areas. Table 15 
gives data on the relative emphasis given to these ^topics, as re- 
ported by the respondents. 

It can be noted from the table that many topics were perceived 
to receive only limited treatment, if any. Topic coverage practices 
did not vary appreciably between technical colleges and -compre- - 
hensive community, colleges ; significant differences in item scores 
(see definition supra) were 'detected for) only 23 items out of the 
466, a mere 5 percenf. Where cGmmuniJjr college responses gave item 
scores which exceeded those of the technical colleges (10 cases), 
the items were in general related to fundamental theoretical con- 
cepts; where technical colleges had the larger item scores <U3 cases), 
the, items almost always were related to special applications of * 
certain concepts. 

Comments 

It is interesting' to examine the relative emphasis reported as 
given to each of the 56 major concept areas included in the question- 
naire. Table 16 lists relat^je emphasis by concept area and by 
course with which the concept is usually associated. The table was 
^constructed by noting the frequency with which items receiving 
moderate or substantial emphasis appealed in each concept area and 
evaluating the concept area appropriately. This table effectively 
summarizes the course syllabuses of mathematics courses currently 
*r being taught. It could serve (1) as a crude model for the d^relop* 

ment of courses by institutions considering inauguration of engi- 
q neering technology curricula and (2) as a criterion against which 
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s In Associate Degree Engineering Programs. — 
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Item 

No 



Teplc, by Concept Area 



Frequency of'Respons* 
Topic Coverage 



I tea 

Scire 



Rel at 1 ve 
Emphas is 



Emphasi s 
D1 f ference 



1 7h% Kumbtr Sy»t1m» of 
A lg$bra 

1 Sets 

2 The natural numbers 

3 ^ The real-number system 

Th* Fundamental Operation* 

4 The relation of equality 

5 Addition of monomHals and 

po l y no»l al s 

6 , Subtraction of monomials 

'and polynomi a 1 s - 

7 Axioms and theorems of 

■ul tlpl Icatlon 

8 Law of signs for ruI tl- 

pl icatlon 

9 Law of exponents In Multi- 

plication * 

10 Multiplication of two or 

■ore expressions 

11 Division of algebraic 

* exp res s Ions ft 

, 2 Special Product* and Facte flng 

12 The prpduc* of two binomials 

13 The product of two trinomials 

14 The square of a polynomial 

15 Factoring — 

16 Factors of a quadratic 

trinomial 

17 Trinomials that are perfect 

squares , * 

18 Factors of* a binomial 

19 .Coaaon factors * ^ 

20 Factoring by grouping 

?1 Difference of trfo squares 

i Fraction* 

22 Conversion of fractions 

23 Multiplication of fractions 

24 Divlsfon of fractions f 

25 The lowest conon 

denominator . " 

26 Addition of fractions 

27 Complex fractions 

5 Exponent* and Radical* Y 

28 Na/inegatlve integral 

exponents 

29 Negative Integral 

exponents 

30 Roots of numbers 

31 Ration! 1 exponents 

32 Conversion of exponential 

expressions 

33 The product and quotient* 

of two radl cal s 

34 Rationalizing monomial 

denoail na to rs 

35 {Ranging the order of a 

radical 

36 Addition of radicals 

37 Additional operations 

Involving radical S 

6 Lm*ar and Fractional Equation* 
. 38 Bajui val ent equations 

39 Linear equations in one unknown 

40 Fractional equations 

41 «So1v1rt0 stated problems 

f Quadratic Equation* 

42 Solution by factoring 

43 Solution by completing thf 

square * 

44 Complex numbers 

45 The quadratic formula 

46 Equations in quadratic form 

47 Equations that involve 

radicals of the second order 

48 Problems that lead to' 

quadratic equations 

49 Nature of the roots 

50 The sua) and product of the 

roo t< 

51 Factors of a quadratic 0 

trinomial 

8 Function* and Graph* 

52 Ordered pairs of numbers 

53 Functions 

54 Functional notation * 
\ 55 Relations 

56 The vectangul ir coordinate 
""^ system 

57 Tbe graph of a function 

58 The inverst of a function 
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1 1 
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7 t» 

12 
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0 


0 


1 


4 


12 


3 6 
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3 4 
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3 4 
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2 0 
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3 


0 


. 2 


7 


4 


2 4 


• 


1 


0 


3 


8 


5 


2.4 


• 


1 


0 


3 


8 


5 


2 4 


• 


3 


1 


3 


5 


4 


2 4 
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No 



-Topic, by Concept Area 



Frequency of Response. 



t-tsms of gquationt j 
Equations In two variables 

60 4 Graphs of equations In two 

variables 

61 Graph of a quadratic equation 

in tvo varlabfas 
; 62 Graph of. a linear equation In 

<r two variables 

63 Graphical solution of a 

system of. equations 

64 Cor^sUtent, inconsistent, 

and dependent equations 

65 Algebraic methods of 

solution, system of equation 

66 Elimination by addition or 

s ubtrac 1 1 on 

67 Elimination by substitution 
66 Elimination by a combination 

of addition or subtraction 
and substitution 

69 Symmetric equations 

70 Problems leading to- systems 

of equations 

71 Problems solvable by jneans of 

simultaneous quadratics 

13 Elementary z emir ant 8 with 
• Applications 

72 Determinants of the second order 

73 Solution of a system of two 

1 1 near equations 

74 Systems of three 1*1 near 

equations 

75 Determinants of the third 

o rder 

76 So 1 ut i on of a sys tern of 

three linear equations 

. < Vsmplez Sumo era 

77 Definitions 

78 fundamental operations' on 

complex* numbers 

79 Geometrical rep resenHa 1 1 on 
60 Geometric addition and 

fubtra c t Ion 

81 Po'lar representation — \ 

82 The product of two com,p><£ ' 

numbers in polar form 

83 The quotient of two complex 
* numbers in polar form 

84 De Moivre s theorem 

85 * Roots of complex numbers 

trvgher-Degree Equation* 

86 £ c Re tiona 1 - 1 ntegral equations 
ft7 The remainder theorem 

88 Factor theorem and Its converse 

89 Synthetic division 

90 Graph of a polynomial 

91 locating the roo ts 

92 Nuamer of Roots 

93 Bounds of the real roots 
'94 Rational roots of a 

po lynom 1 a 1 aquation 

95 The depressed equation 

96 Process of obtaining all 

rational roots, 

97 Descartes's rtle of signs 

98 Jmagi nary roots 
99" Tfratlonal roots £y successive 

nagni f 1 ca tl on 

100 „ Transformation of* a n equation to 

d£rease Its roots 

101 Horner's method for determining 

1 r rati 0 nal roots 

102 Identical polynomials 

103 The* cubic equation 

104 The quartic equation - 

1 J Inwqual 1 4t#a % * 

105 m Deflnltl om. fundamental 
* axioms, and theorems 

106 Conditional inequalities 

14 flat 10 , Proportion, and 

Variation 

107 Ratio & 

1 08 ' Proport 1 on 
109 fl Variation 

IB Logarithm* 

110 Definition* 

111 Propertlai of logarithm* 
1 1 2 Approximations 
1 1 3 Sc 1 entl f 1 c no tation 

114 CoMon, or'Briggs, Logarithms 

115 Characteristic and mantissa 

116 Use of tablet to obtain the 

mantissa 

117 Use of tablet to find N when 

log n 1s given 
Via Logarithmic computation 

119 Logarithms to bases other 

than 10 

120 Exponential and logarithmic 

equations 

121 The graphs of log x and of 
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Topic, by Concept Area 
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1« 



122 
123 
124 

125 

126 

127 
128 
129 

130 

131 

132 
133 



1 36 
137 



1 36 
139 



U0 
Ml 
142 

143 

144 

145 
146 



147 
148 
1 49 

150 
151 
1 52 
1 53 

154 

1 55 
156 
1 57 
158 

] 59 
160 

161 
162 
!63 
164 
165 



*1 6 6 
1*7 

168 
16J 

1 7Q 

1 71 



173 
I 74 



175 
1 76 



177 
1 78 



1 79 
180 



19 Progreie tone 

Definition of progressions . 5 

Arithmetic progressions 5 
List ter* of in arithmetic 

progres s 1o n 5 
Sua*of an arithmetic 

progres s 1o n - • 5 

Simultaneous use of the 

forsul as fo r 1 and % 6 
A ri thmetl c scans 6 
Geometric progressions *r 5 
Last ter* of a geometric 

progres s Ian - 5 

Sua of a geometric , 
* progression ' 5 

Simultaneous gse of .the 

'formulas for 1 8na s 5 
Geometric Beans 9 
Infinite geometric 

progres s 1 o ns 7 
Harmonic progressions e 9 

17 Mathemazjioal Znduetion 
•Method of mt theoa tl ca 1 

Induction 

18 The B',ncm\al Theorem 
1 The b 1 n oil a 1 f ormul a 

The rth ten of the 

binomial formula 6 
Proof of the b 1 no«1 a 1 

formula • 10 

61 no* i a 1 theorem for 

fractional and negative 

exponents 6 

1 i Permutation* and Jomb iraiTone 

Deflnl tlons . 1 2 

The fundamental principle 12 
Permutations of n, different 

eVements taken r at a time 12 
Permutations of n e-lements 

not all d1 f fer^nt 1 2 

Cyclic permutations 14 
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Topic, by Concept Area 



Frequency of Resource. 
Topic Coverage 



I tea 

S cort 
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*< 3 


Do ub 1 e Integrals 




Q 








4 26 


Iterated integrals 


1 4 


Q 








4 2 7 


Iterated Integrals 1 b 














rectangylar coordinates 


1 4 t 


Q 








423 


Mint areas by double 














1 itegretlon 


] 3 






2 




4 29 


, C e n t ro 1 d and aoeteftt of 














Inertia of i plane tret 


] 4 






] 




430 


Iterated 1 p teg r • 1 s in 














polar coordinates 


1 3 


J 


3 


0 




431' 


Plane areas 1« polar 














coordinates 


1 4 


1 


1 


0 


1 


432 


Volumes by double 














integration 


1 4 


c 


t 


1 


1 


433 


*o 1 uaes i n cjrT^^dr 1 : a 1 














coordinates „ 


14 ' 


* 




c 




4 34 


A*-eas of curved surfaces 


1 4 










435 


Triple integral i 


1 3 


1 








436 


iterated Integrals 


i 4 






J 




437 


iterated triple integrals 














m rectangular coordinates 


4 










438 


1o 1 uaes by triple 














1 ntegret 1 on 


' 3 


z 


3 


0 




439 


Center of gra»it/ and aoae-.t 














o f inertia o f a s o 1 * d 


15 










440 


" r 1 pie i ntegril i 'n 














c/lindrical coordinates 


' 5 




- 


c 




44^ 


'ripie integrals 4 n s p * e r ' c a " 














coord 1 nates 


i 




- 


- 






* * t 












442 


Solutions 5' d1 "trent ' al 














es jt ti ons 


i 




2 


3 




44> 


Inferential equations o f 














f, rst order and f, rst degree 


i 


3 


2 


3 


} 


444 


tie ct differentia' equat'ors 


a 


2 


2 


2 




445 


linear ecuat'ons of tne frit 














order 


7 


2 


2 


4 


2 


446 


tqwet*ons reducible to linear 






» 








iq ua t ' o ns 




1 




3 


2 


44 7 


Second order equaf loasfre- 










> 




ducH 1 ! to 'Irs; order 


' i 






2 




448 


Applications o* f< rit order 














dif'erential equations 


9 


2 




4 




449 


L'near d< f f eren t *■ a 1 eowat'srs 














Of order n « 


] ' 




2 




2 


45C 


^oaogeneo us equations ■ ' tr 














constant coef f i ci erts 


2 


z 




2 


2 


451 


*©nhoacge*tows esuaticns 














• itn constant coefficients 


: 2 


c 


; 


2 


2 


452 


App 1 'cations o f 11 near 














d 1 f 'eren 1 1 a 1 taua ti on s 




2 




2 


2 




it t*slz.~ Ana. f tit 
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Addition of factors 


9 




2 


5 


3 
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Scalar ■jitiplie«tle" o' 














Vectors 


7 




2 


3 


4 


455 


/ector ami ti pi < c a 1 1 on o f 














factors , 






2 


2 


3 


456 


Scalar triple p rodwC t 


1 4 


0 








457 


factor triple product 












458 


Derivative o f a vector 






0 


2 


0 


459 


T ne gradient 




1 




2 




460 


'*e divergence • 


) 4 






2 


^ 


46T 


Tne Curl of rotation 






j 


2 


j 


462 


Sutaaar/ of fector 














dlf* erentUtion 








2 




463 


I'ne inttjrals 




l 




i 


} 


464 


Surface integral s 




j 


2 




0 


465 


D 1 vergence tt»eo>rea 


1 4 


1 


1 


1 
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466 


Stokes s tneorea 
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1 
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TABLE 16. --Relative Emphasis on 56 Concept Areas in Mathematics, Reported 
by 17. Institutions Offering Associate Degree Engineering 
Technology Curricula 



) 



Areas Receiving 
Little or No 
Emph as i s 



Mathematical Induction 
The Binoirnal Theorem 
Permutations and 

Co mbi nations 
Probability 
Determinants of 

Order\N 
Par^iaT, Fractions 



s- 

£ 
o 
c 
o 



Areas Rece i vi ng 
Mode ra te 
Emph as i s 



The number Systems 

of Algebra 
Functions and Graphs 
Compl ex Numbers 
Higher Degree Equations 
Inequal i ties 
Ratio , Proportion , and 

Var 1 atl on 
Progress ions 



0 



Areas Recel vi ng 
Subs tantj al 
Emphas i s 



Speci al Top i cs 
Trl gonometry 



l n 



The Fundamental Operations 
Special Products and 

Fac to rrrvg 
Fractions 

Exponents and Radicals 
Linear and Fractional 

Equations 
Quadratfc Equations 
Systems of Equations 
Elementary Determinants 

wi th Appl ications * 

Logari thms 



The ,Tri-gonometr i c 
Functions 

Trigonometric Functions 
of, an acute angle- 

Tri gonometri c Identities 
Rel ated Angl es 

Radian Mea s u re 

Gr^p.S^of the Trigonome- 
tric Functions 

Functions of Two Angles 

Tri gonometri c Equations 

Graphical Methods 

Sol ution of Triangles 

Inverse Tri gonometri c 
Fqn cfji o ns 



Parame t r1 c Equations , 
Curvature, and Roots 

Pol ar Coordinates^ 

Indeterminate Forms 

Infjnlte Series 

Expansion of Functions 

Hyperbolic Functions 

Sol Id Analytic 
Geometry 

Partial Differen- 
tiation 

Multiple Lnteg ra 1 s 

D1 f ferentl al Equations 

Vector Analys 1 s 



Application of 

Integration 
Differentiation of 

Algebral c Functions 
Equations of the 

Seco nd Degree 
D1 f f eren t i a 1 1 on of 

Transcendental 

Functions 
Differentiation with 

Respect to Time 
Curve Tracing 
Integration 



Coordinates and Lines 
Variables, Functions, 

and Limits 
D1 f-ferentlation and 

Application 

Integration of Algebrai c 
. Forms * 
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institutions can measure their relativ^ effort in these courses. It 
must ^emphasized, however*, that Tablej* 16 reflects current practice, 
' not necessarily an ideal. Institutions establishing or revising 
courses should consider carefully their planned overall curriculum 
objectives, and institutions using these data 'for comparison pur- 
poses should be aware that many observers would deem modal current 
practice inadequate for contemporary needs . 

CHEMISTRY 

Some associate degree engineering technology curricula contain, 
as part of their physical science requirements, an introductory 
course in chemistry. An effort was made to identify the general 
characteristics of such courses by studying a limited sample. 
Courses which appeared in curricula entitled "chemical technology," 
"chemical engineering technology," "chemical laboratory technology," 
or the like were excluded from the sample; only courses which could 
be identified as intended for "non-ma j ors" were considered. The 
results of the study are presentee in the following paragraphs, 

v 

Nature of the Sample ^ 

The chemistry courses at only ten institutions are included in 

I* 

the analysis which follow. While others existed within the sample 

i 

chosen, respo'nses to the questionnaire were incomjflete or late and 
had to be rejected. The ten institutions had a national distribution 
geographically. They consisted of nearly < equal numbers of technical 
colleges (monotechnicdl institutes, polytechnical institutes as else- 
where defined ) and comprehens ive colnmunity colleges. Equal numbers 
of'.the courses appeared in curricula accredited by the Engineers 1 
Council for Professional Development and in curricula* not so accred- 
ited. 

General Observations «' 

Most often, the chemistry course considered here was dt^e which 
carried 4 or 5 semester hours credit and included a laboratory. 
Only one of the ten examined was without laboratory; only three 
carried less than 4 semester credits, and two of th^&e wer^e at 
institutions on the "quarter" system and had either 4 or 5 quarter 
credits (approximately equivalent to 2 and 3 semester credits, 
respectively). The course title varied greatly: "Chemistry," 
"Introductory Chemistry," "Technical Chemistry," and "Fundamentals 
.of £hemistry" were among those used. In two cases, the catalog 
descriptions implied that students were excused from the course if 
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they had successfully completed high school chemistry with a 'grade 
of "C or better"; such students substituted an elective for this 
course, y 

Many associate decree engineering technology curricula at the 
institutions visited did not include the chemistry course even 
though it was required in other curricula at the same school. 
Faculty members and program administrators, questionned on this 
point, responded that there was "no room^ in the curriculum or that 
"other subjects have a higher priority." Questioned on the desir- 
ability of a chemistry course as 4 past of an engineering technology 
curriculum, these same faculty members gave responses .which varied 
from "... not ' necessary ... " to "...should be required for everybody"; 
student reactions to the same question ranged from "...I don*t under- 
stand the need for it..." to "...I thiak I should have more." 

The chemistry course most often was one open to students in 
several different programs at the college; for example, students in 
nursing, forestry, home economics, dental hygiene,, and engineering 
technology were simultaneously enrolled in the chemistry class at 
one institution. In some^cases, this chemistry course could be 
used .to satisfy an institutional requirement for a laboratory science 
in the general curriculum. In a few instances, however, institutional 
practice was tb^restrict enrollment in the course to engineering 
technology students only. . * 

ropic Coverage 

The -questionnaire related to topic coverage in chemistry (App- 
endix C) .contained 8.5 items. Table 17 gives a summary of the re- 
sponses. It is interesting that only lS'of the 85 topics showed a- 
difference in practice by technical colleges and comprehensive 
community colleges. .A possible explanation exists for why Items 
61-63, 65-6B, and 72--topics which are strongly physics-related-- 
appear to be emphasized to a greater extent in comprehensive 
comm\mity colleges than in technical colleges. Quite often, enroll- 
ment ^ the chemistry course in community cMreges is "open," that 
is, the course serves individual in many disciplines. Since some 
of these students may not subsequently study" physics , it may be im- 
portant, therefore, that these particular physics-related topics be 
given emphasis. In technical colleges/ on the other hand, enroll- 
ment is more, of ten restricted and nearly -all students will subsequen- 
tly study physics; hence, it mayN§£em less important to "emphasize 
these special topics in the chemistry course. 

r 
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TABLE 1 7 .--Covertge Given to Selected Topics 1n the Chtalstry Course Intended for Students 1n 
Associate Oegree Engineering Technology Prograas 



T 


To pic 


Frequency 

Topi c 


of 
Cov 


Response , 
e rage 


I tea. 


Re 1 a ti ve 


Eaphasl s 


"V 


A B 




0 


E 


Sco re 


Eaph as 1 s 


D1 f f erence 


i 


Classification of aa 1 1 e r 


0 0 




5 


2 


2 9 






2 


Weight relations* conservation 

1 IMS 


0 1 


1 


3 


5 


3 2 


** 




3 


Physical ft Chealcal Changes 


0 \ * 


1 


3 


5 


3 2 


** 




4 


Cheai cal notation 


0 1 


1 


1 




3 4 






5 


Atoa1c„and Foraula Weight 


0 1 


1 


1 


7 


3 4 


** 




6 


Chealcal equations and 
Stoi chioaetry 


0 1 


1 


1 


7 ' 


3 4 


** 




7 


Kinds of Eleaents 


0 0 


3 


4 


3 


3 0 


* * 




8 


Oescrlptive Study of certain 

r cp r c ) cn i o i i re c i c ■ c n d 


ft ft 

u u 




6 


0 


5 C 
C O 






9 


Binary Coapounds 


0 2 


3 


2 


3 


2 6 






10 0 


Ttrntry Coapounds 


0 3 


2 


3 


2 


2 4 


* 




1 1 


Fundaaental Partitfes 


0 2 


2 \ 


3 


2 


2 7 




T 


12 


Nuclear Reactions 


0 6 




C 


0 


1 6 


• 




1 3 


Natural Radioactivity 


0 4 


4 


2 


0 


1 8 


* 




] 4 


Artificial Radioactivity 


2 3 




2 


0 


1 . 5 




C - 


1 5 


Fission and Fusion 


1 3 




1 


0 


1 6 






1 6 


Per 1 od 1 c La* 


0 1 


2 


1 


6 


3 2 


" 




1 7 


A tote i c Structure 


0 0 




1 


7 


3 8 






1 8 


Stable Electron Conflg- 
u r a 1 1 o ns 


0 2 




■j 


c 

0 


3 2 






1 9 


Aklall Metals 


0 2 




6, 


0 


2 4 






20 


Metals of Groups 1 1 A 
and IMA 


0 2 


3 


5 


0 


2 *3 


* 




2 1 


Eleaents of Groups VIA and 
V 1 1 A 


1 1 


3 




0 


2 2 


• 




22 


Trans i t ion El eaen ts 


1 1 


5 


2 


1 


2 1 






23 


Eleaents of Groups 1VA and 
YA 


0 1 




4 


0 


2 3 


* 




24 


'Ionic Bond 


0 -2 


J 






3 | 






25* 




^ ^ 




3 




5 O 
c o 






26 


Elect rolys 1 s 


0 1 




1 


; 


3 2 






27 


Covalent Bond 


0 1 


1 


3 


5 


3 2 






28 


Structure of the Hydrogen 
Molecule ^ 


0 1 


2 


4 


3 


2 9 


* * 




29 


Other Olatoalc Molecules 


0 0 


3 


5 




2 9 


** 




30 


Covalent Bonds between 
01 s s 1 a 1 1 a r A to as 


0 2 




4 


j 


2 8 






31 


Properties of Covalent 
Coapounds 


0 2 


1 


3 


4 


2 9 






32 


„ x 

Sol ven t- So 1 ute Phenoaena 


1 1 


1 


1 




3 2 


* * 




3 3, 


Mol aHty 


1 2 


1 


1 


5 


2 7 






34 

- 


Freezing Point Depression 
and Boiling Point Elevation 
Cal cul at 1 ons 


1 2 . 




1 


6 


2 9 






35 


Partially Ionic Bonds 


0 2 


3 


1 




2 7 






„36 


Partially Covalent Bonds 


0 2 




1 


4 


2 7 






37 


Elect ronega 1 1 v1 ty 


0 2 


2 


2 


4 


2 8 


** 




38 

* 


Structure of Partial ly 
Ion 1 c-P<rt1 a 1 1y Covalent * 
Coapounds 


1 3 


1 


2 


3 


2 4 






^ 39 


01 po 1 a r Mol ecul es 


1 1 


2 


2 




2 7 




c 


40 


Ionization of Polar 
Mol ec ules 


0 3 




2 




2 7 






41 


Hydrogen Bonding 


1 2 




2 


3 J 


2 4 






42 


tedox Reactions of the 
free Eleaents A 

Redox Reactions or^» 
Coapounds 


0 4 




2 


3 ^ 


2 4 • 






43 


0 4 


0 


3 ~* 




2 5 






44 • ' 


Oxidation luabers 


2 7 1 


0 


1 




2 8 






45 


Balancing Redox Equations * 


2 1 


1 


3 




2 4 






46 


Activity Series 


1 3 


0 


2 




2 5 






47 


Redoi Equil 1 b r 1 a 


3^ 3 




1 




1 8 







r 
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1 tea 

NO. 



Top 1 c 



Frequency of Response, 
Topic Coverage 



Item 
Score 



Rel it1 ve 
Emphas 1 s 



Emphas 1 s 
D1 f f erence 



48 Arrhenias Concept of Adds 

and Bases 

49 Bronsted-Lowry Concept of 

Acids and Bases 

t 50 Lewis Concept of Adds and . 
Bases 

51 Strengths of Adds and 

*ase* 

52 Hydrolysis of Salts 

53 .Titration 

54 Normal and Molar Concent- 

ration , 

55 Indicators 

56 Acidic, Basic, and 

Amphoteric Oxides 

57 Aci d-Base Pqul 1 ibri a 

58 1 pH Calculations 

59 Liquids - "ases - Solutions 

60 Van der Waals, Iomc 

* Covalent, and Metallic 
m Solids 

61 Boyle's Law Calculations 

62 Charles' Law Calculations 

63 Ideal Gas. Law Calculations 

64 Forms of Energy 

65 Specific Heat 

66 Heat of Fusion 

67 Heat of Vaporization 

68 Kinettc-Mol ecul ar Theory 

69 Bond Energies 

70 rieat of Reaction 

71 .Activation energy 

72 Free Energy / 

73 Enthal^hy and Entrophy 

74 Hydrocarbons 

75 Aliphatic Hydrocarbons 
76/ Aromatic Hydrocarbons 
7Z** .Reactions of Hydrocarbons 

78 Fjnctionally Substituted 

Hydrocarbons 

79 Reactions of Substituted 

Hy d roca rbons 

'80 Iomc Organic Mechanisms* 

81 Fr&e Rad1 ca 1 0 rgan 1 c 

mecha.nl %m% 

82 Sugars and Polysaccharides 

83 Fats 

Amino Adds and Proteins 
85 Vitamins arTd Alkaloids 



2 2 
, 2 1 

1 6 

2 6 
2 2 
2.4 

2 6 
V 2 0 

2 4 

2 3 

2 2 

2 7 

2 2 

2 8 

2 8 

2 7 

2 6 

2 1 

2 4 

' 2 5 

2 7 

2 3 

2 3* 

2 1 



8* 
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Coniments 

. It is sometimes dangerous to assume that "general practice" or 
"modal behavior" provides a suitable criterion by which to evaluate 
existing educational programs or can serye as a model after which 
new programs may best be patterned. On the other hand, some'useful 
purposes can perhaps be served by examining critically these general • 
comments about the chemis try course for non-ma j ors which may appear 
■in an associate degree ^pgineering technology curriculum: 

1. It normally carries 4 or 5 semester credits. 

2. It includes a laboratory. * 

3. It can serve disciplines other than engineering technology. 

4. It need not be based on previous high school studj^yof 
chemistry . 

5. Topics related to organic chemistry (see Items 74-85, 
Table 17) are considered of much lesser importance than 
topics related to inorganic chemistry. . • , 

6. Topics related to terminology and nomenclature (Topics ) 
1-10) , to concepts of atomic structure and periodicity 
(Topics 16-18), and to chemical bonding (Topics ,24-37 ) 
appear to be considered of primary importance in the 
syllabus; topics of a more descriptive and less theoretical 
nature appear to be considered relatively less important. 

Institutions establishing chemistry courses intended for engi- 4 
neering technology students should consid-er the above" comments as 
initial constraints on the course offering—adapting these constraints, ^ 
however, to fit local needs. Institutions offering the third and* ( 
fourth year of a baccalaureate engineering technology program and 
accepting transfers from associate degree programs should be aware 
of the kind of experience in chemistry which most such transfer 
students will have had. And, institutions offering associate degree 
engineering technology programs which include a chemistry course - 
can use the f oregS'iftg^descriptions as crude and superficial measures 
against which they^may assess their own performance. 

PHYSICS m - 

Almost all associate degree engineering technology curricula 
contain courses in physics. A study to determine the general 
characteristics of such courses has been made, the results of which 
are described in* the following sections S*J 
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Nature of the Sample 1 , 

The'ghysics courses at 14 institutions are discussed. The 
orig/nal^ sampl^ contained more institutions, but many responses were 
incomplete or late and, hence, were rejected. The institutions con- 
tributing usable responses were representative of all regions of 
the courtery and were equally distributed by type fc that is, tech- 
*nical colleges and comprehensive community colleges. The Engineers 1 
Council for Professional Development >had accredited one or more engi- 
neering technology curricula at 8 of these institutions; 6 of the 
institutions offered Curricula not so accredited. # 

General Observation's 

/ The physics sequence for engineering technology curricula most ■ 

of tei^consists of two courses, each carrying 4 semester credits; 
these courses /consist usually of three^lecture periods and a 'labr 
oratory. Variations in this pattern r^ange from a single course to 
a sequence of three 5-credit courses. - The course titles were 1 
usually listed as "Physics" or "Technical Physics". Commonly, a 
numerical sequence designator (Physics I, Physic^II, etc.) was 
employed. The cataiog descriptions frequently impli,^ that, the 
sequence was open only to technical students, and sometimes cautioned 



that.the sequence was not acceptable as part Tof the requirements of 
*a "transfer" program. Co- or prerequisites of algebra and trigo- 
nometry were- often lig#ed; "in none of the Jkses studied was calculus 
lifted as a ■ prerequisite . 

t 

Topic Coverage 

* .The questionnaire related to topic coverage in physics (Appendix 
D) contained* 242 'items in six major concept areas. Table 18 gives 
data on the relative emphasis given to these ^topics / as reported by 
the respondents. r » S 



It can be noted from the table that most topics' received "mod- 



ate" or "substantial" emphasis, with the exception of topics in 
the concept 'area -bf Modern Physics. Topic coverage practices appar-. 
ently did no* differ appreciable between technic^'colleg^es and com- ' 
prehensive commifnify colleges; significant dif f erYnces . were detected 
for only 11 items out of the 242, less thap 5 percent.' A summary of • 
the'nglative emphasis give# to'various topics in the six major 'concept ± 
areas of ^physics appears in Table 19. , * 
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TABLE 18 --Coverage Given to* Selected Topics in the Phvslcs Course Sequence Intended for Students 1n 
AssocUte Oegree Engineering Technology Progress 





e 


Frequency of Response, 








Item 


Topic, by Concept Area 


Topic Coverage 


Iten 


Relative 


Enphasl s 


Ho 




A B C D E 

j ' 


Score 

^ 


£mphas 1s 

> — — 


01 f ference 
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2 
3 

4 

*5 
6 

7 

*8 

9 
10 
1 1 
12 
1 3 
1 4 
1 5 
1 6 
1 7 
U 
19 
20 
21 
22 
^3 
24 
25 
26 
27 

29 
30 
31 

n 

33 
34 
35 
36 
37 
38 
* 39 
40 
41 
42 
43 
44 
4 5 
46 
4 7 
48 
49 
50 

51 
52 
53 

54 

55 
56 
57 
58 
59 

«<r 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 



73 
74 

75 

76 

77 

78 

79. 

80 

81 , 

82 



/ 



QT MO t 10 

1 crSon 



Units ej»d Systems of Measure- 
Bent * * 
Vector quantities yf 
Representation^ Vector 

quant 1 t1eal9 
Vector addition 
Vector s«btract1on 
Resolution of Vectors 
Coapone#t aethod of Vector 

addition 
Cons- taut, Instantaneous, and 
Average Speed 
Speed and velocity 
Accel eret ,on 
Kinematics tuitions 
Falling bodm 
Motion 1 n a vert 1 ca 1 - plane 
Projectile and Rocket flight 
Laws of aotlon' • 
F 1 rst 1 aw hf Motion 
Second 1 aw o f Motion 
Thtr4 law of Motion 
Inertia and 
Force jnd 
Mass and we 
Sliding frl 
Coefficient of friction 
Static friction 
Rolling friction 
Fluid friction 
Equilibrium of a particle 
f To rque 

Center of gravi ty 
Unlfonr circular Motion 
'Centripetal acceleration 
Centri petal force 
Banked turns * 
Centrifugal force 
Gravi tatl on 
Gravitational field 
Energy, definitions 
Work \ 
Power 

Power measurement 
Kinetic energy 
Potential energy 
Conservation of energy m 
MOMentUM and impulse 4 
Conservation of momentlM/ 1 *'' 
Col Hs ions 
Angular measu resent 
.Angular veloci ty 
Angular acceleration 
Kinematics of Angular 0 
motion 

Rotational kinetic energy 
Moment of 1 nertia 
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TABLE 19. --Relative Enphasls on Varlou-s -Topics In" Physics, Reported 
for Existing Courses 1n Associate Degree Engineering 
Technology Curricula . 
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Comments* * # 

The tables in this section have illustrated current practice by 
selected institutions in the" coverage given to topics normally found 
in a sequence of introductory college physics courses. As such 4 , they 
provide Cl ) a crude model after which new 'courses may be fashioned , 
and (2) a criterion a^a»inst which institutions may evaluate their 0 
individual practices. It friust be remembered, however, that modal 
practice does not necessarily represent an ideal; therefore, suitable 
caution should be exercised in the interprftation*of the results 
shown here.. Many observers, for example, feel that physics, as a 
basic science, has certain enduring attributes not as susceptabie tc 
obselescence as specialized technical studies; her.ce, these observers 
urge that physics topics be given a greater coverage than is currently 
the case. Others, of course, tajce a somewhat contrary po.siticr. , main- 
taining that the needed concepts cf physics can best be included . , 
technical courses; these observers urge that engineering technology 
curricula focus more directly on special i zed technology and less on 
general background material such as physics. - - 

Summary 

A study of the mathematics, chemistry, and p^ysics^courses 
offered *by selected institutions , has been made. "The results include 
descriptions of these courses as u^al#y offered, data on the relative ^ 
emphasis given to various topics in these courses, and comments on ^ 
differences in pr%ctice--if any — between technical colleges and com- 
prehensive community colleges. ^ . * 

The results are potentially useful to* institutions inaugurating, 
revising, or accepting transfer of courses in engiheering technology 
curricula. m 
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CHAPTER 5 



•ACCREDITATION OF ENGINEERING TECHNOLOGY 
CURRICULA 



The purposes of this papej^are to give a brief overview of the 
process of accreditation, to review the histroy of accreditation of 
engineering technology curricula, to summarize certain data related 
to ' accreditation of engineering technology, dted to call attention to 
soke current issues* in this area. 



Introduction 



Accreditation has been defined as- "the process whereby an organ- 
isation or agency recognizes a college or university or a* p-rograro of 
study as having net certain predetermined qualifications or standards. 
Th« Engineers' -Council for Professional Beveiopmeirtv 3% 5 East U7th 
Street, New York, N.Y. 10017, is the agency responsible for accrediting 
programs of study in both engineering and engineering technology; 
LCPD states as its purpose the following: "To promote and advance all 
phases of engineering education with a view to the promotion of the . ^ 
public welfare through the development of the better educated engineer, 
engineering technician and engineering technologist . " 2 ' The accreditation 
of an engineering technology curriculum thus assures students, potential 
students, parents, «mploye^s_, government agencies, educational insti- 
tutions, and the general public th^t certain minimum standards of , 
quality are • met by the program. Edfc Regularly publishes list of cur- 
ricula whic?T have been accredited. ^ 

» 

Overview of Accreditation 

Accreditation is a phenomenon peculiar to American education and 
evQlve* primarily because of the lack in the United States of a central 
or Federal control over educational, institutions, a ciiicumstance ' : 
quite different from that prevailing in most ot>her countries. In this 



IWilliam K. Selden, Accreditation, A Struggle Over Standards 
in Higher -Education (New York: Harper and Brothers, 1960), p. 6. 

^Engineers' Council for Professional Development, Thirty- 
Eighyx Annual Report (New York: The Council, 1970), p. 35. . j 

For the 1970-71 list, see Ibid, pp. 87-90. *■ « * 
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country, education is a matter constitutionally reserved to the states 
which consequently have authority to charter and regulate botfr public 
and private institutions However , the several states historically 
did not generally exercise the regulatory powers potentially available 
to them, with the 'result that institutions differing widely in character 
and quality evolved. $pncern on the part of educators and others both 
al>out the general quality of institutions and about the standards of 
specific programs for the preparation of professionals led to the 
development of accreditation practices.! Currently, six^regionai 
associations and approximately thirty professional agencies are •engagec 
in accrediting activities. ^ 

The regional associations were established at various times in the 
-period from 1885 to 192^. Table 20 includes the founding detes of these 
bodies. t The major objective of the various regional associations when 
they were first founded was to establish suitable and consistent college 
admissions criteria. In the nineteenth an£ early twentie-th centuries, 
graduates of secondary schools who applied for college entrance often 
/ariec widely in their qualifications, and admissions officers were 
oft£n perplexed about ways to place entering students prc^erly. The 
early activities of the regional associations resulted in substantial 
improvement in the quality of weaker high schools and a standardizatidn 
of the curriculum of ail. After a measure of articulation between 
secondary and college programs was thus achieved, the associations 
then turned their attention to collegiate institutions since these, 
too, varied considerably in quality and level. The regional assoc- 
iations initially operated by setting rather specific standards re- 
lating to sucM t aspects of an institution as its chartering, organization 
and administration, admission requirements, library facilities, cur- 
riculum patterns, and physical facilities, and then evaluating the 
institution by those standards. The associations provided a valuable 
service to the public by identifying institutions of quality; they 
tended thus to eliminate weaker — or fraudulent — schools. * In recent 
years, the emphasis of the regional associations in their accrediting^ 
activities has shifted away from the application of quantitative 
"minimum standard s^^gward tfte use of 1 broader, qualitative criteria 
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For a general TWstory of accreditation, see Lloyd M. Elaucn, 
ed., Accredi tati&n in Higher Education (Washington: U.S. Government 
Printing-office, 1359 .) 

^National Commission on Accrediting, List of Recognized* 
Accrediting Agencies (Washington: The Commission, 1970). The'regional 
Associations serve the New England, Middle States, Southern, North 
Central, Northwest,, and Western regions. 
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TABLE 20. --Historical Development of the Regional Accrediting 
Assocfations 



Year of Year Col lege 

Association * Founding Accreditation Began 

New England 1 885 ' 1 952 

Middle States 1889 1921 

North Central 1895 ' • 1910 

Southern « 1895 * • 1917 

Northwest * 1917 1921 

Western 1924 1949 



intended to stimulate institutional improvement. The six associations 
vary somewhat in their practices, but all use visiting accreditation 
teams , require an injgfcituf ional "self -study" and allow for an "appeals" 
procedure in case of unfavorable action. Semi-annually, a list of 
accredited institutions is published. This publication is issued by 
the Fe'deration of Regional Accrediting Commissions of Higher Education 
(FRACHE), a -body formed in 1964 to coordinate the efforts of the 
regional associations. 

Since the regional associations wer t e among the earliest of the 
accreditating agencies established and because they historically were 
concerned with general .standards of secondary and higher education, 
they have assumed the fjknct ion* of accrediting total institutions 
rather than navicular programs of studies. The latter purpose is 
served by various professional agencies, ECPD for one. Such professional 
agencies are approved for their activity by the National Commission 
on Accrediting! if an identifiable social need exists for accreditation 
of the curriculum in question. The professional bodies may participate 
simultaneously with a regional asstrciation in an accreditation visit, 
or they may act independently. Each agency publishes a list of * 
approved curricula. 

0 

Accrediting Activity in Engineering * 
* * Technology 

ECPD opera.te,s within the f ra?newd#k % of accreditation just described. 
It has served^s the professional agency to accredit engineering programs 

^The National Commission on Accrediting (NCA) was^ formed *in * 
19^9 ^by the. colleges and universities of tfre United States in order 
to coordinate accrediting activities in higher education, for there 
appeared ,to be in mid-century undue proliferation of* bodies concerned 
with accreditation. NCA has exer>ted*over tljifi past two decades her- 
culean ^ effort s to bring order to what was, m 1JU8, a highly confused 
situation. * , 
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since 1932, and has maintained accreditation procedures for engi- 
neering technology curricula since" 1944. 

Interest in^the accreditation of engineering technology curr^^la 
had developed prior to 1944, as evidenced by Ais statement in the 
ECPD Annual Report of 194$: 



The movement to recognize technical institute programs was 
given impetus at a meeting of representatives of a group of 
institutions offering terminal technical curricula of inter- 
mediate type, held jtk Pittsburgh in 1940. Those present 
adopted a resolutid^petitioning the Engineers' Council for 
Professional Development to inaugurate' the program of accred- ■ 
iting which is now being initiated. The intervening period 
has been spent in studying accrediting procedures, in formula- 
ting explicit principles and methods,, and in obtaining the 
approval of the constituent societies which comprise ECPD. 
These preliminary steps are now completed, and the accrediting 
program will go into effect the fall of 1945. ^ 

An, accredit ing program did indeed "go into effect", for seven cur- 
ricula at three schaols were listed as accredited the following 
year, and. a permanent "Subcommittee on Technical Institutes" was found. 

The original Subcommittee on Technical Institutes has undergohe 
several changes in structure and organization since its original 
appointment. Initially a subcommittee of ECPD f s^Committee on Er 
neering Schools, it later became the Subcommittee on Engineering* 
Technology Curricula of the Council's Education and Accreditation 
Committee.* Subsequent reorganization of the Council resulted, in 
October 1S64, of the establishment of the Subcommittee as a standing 
committee of ECPD and its Resignation as the Engineering Technology 
Committee; at the same time, the name of the parent* committee was 
changed to the Engineering Education and Accreditation Committee. 

The Engineering Technology Committee of ECPD normally considers 
for accreditation only currici/iA offered in a higher institution 
which is accredited by the appropriate regional association, but it 
will also accredit curricula where tjcie regional association either 
makes no provision for accreditation of Specialized institutions or 
demurs from feuch accreditation because of the organizational structure 
of the institution. Curricula only, not institutions,, are accredited, 
and then only at the request of the institution. Both two-year and 
foi\r-7ear qurricula are eligible for accreditation. A visitation 



^W. P. Hammond, Chairman, Subcommittee on Technical Institutes, 
in Engineers 1 Council for Professional Development : ^Thirteenth Annual 
Report" (New York: The Council, 1945), p. 14. 
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team--caref ully selected, on the basis of curricula to be examined — 
visits the institution, reviews the curricula, writes a detailed * 
report, and recommends accreditation if the curricula meet established 
criteria. Accreditation is granted, however, only if a program has 
graduates who* are employed prior to the time df action on the visit- 
ation team's report. ECPD also' has provisions for* recognizing pro- 
grams with "reasonable assurance of accreditation" (if the programs 
are in the planning stage) and programs which are "candidates for 
accreditation" (if the programs are underway buf.no classes have 
graduated). .No lists, of "reasonable assurances" and "candidates" 
are published, but the institution and the U.S. Office of Education 

are* notified if such status is granted. 

» > 

Basis for Accrediting Engineering 

. Technology Curricula ^ 

The Engineering Technology Committee lists a number of basic 
qualifications for accreditation of an engineering technology* cur- 
riculum: 

(1) Duration . Not less than two academic years of full-^ime 
4i * resident academic work beyond .the secondary school or 

the equivalent in part-time resident academic work. 

(2) : Requirements for Admission. High school graduation or 

equivalent, with a background in mathematics and science. 

(3) Curriculum. Technological in 'nature, employing the ap- 
plication of physical sciences and the techniques of 
mathematics to the solution of technical problems and 
Comprising a prescribed and infegrated sequence of re- 
lated courses in a specific field, though not excluding 

>m a reasonable amount of elective appropriate subject matter. 

(■O ins traction By accepted class and laboratory methods. m 
* Laboratory work shall comprise an important part of each * 

curriculum. - % 4 

(5) Reaching Staff. Qualified as to education and professional 

technical experience, and sufficient in numbers to pro- 
vide adequate attention to each student. 

(6) Educational Institution . An organized school or a division 

of an institution devoted to the specific aim of provj.djLng v 
engineering technology programs*, a stable organization 
^ having adequate financial support, and demonstrated capacity -n 
.and achievement in the engineering technology fcield. The , 
school shall demonstrably maintain a high standard of ethics \ 
-/^ in its educational program and in all its dealings with 
v students- and prospective students. In in correspondence, 

published ^material ,* and other public announcements, the 
statements ur^ed shall be frank and factual and shall not 
be misleading. 



t 



-86-" 

/ 

(J) Physical Facilities . Adequate for the purposes of the 
curricula offered. 

In the evaluation of engineering technology curricula, ECPD 
relies on a list of criteria developed as the result of a national 
study conducted by ASEE, the results ofnjhich were published in ,1962?- 

* ECPD normally finds a two-year curriculum acceptable dX it contains 
approximately one-fourth academic year of mathematics beyond college 
•algebra and trigonometry, one-fourth year of basic science other 
than mathematics, one-fourth year of non-technical subjects including 

.oral and written communications, at least one year of technical courses, 
and humanistic-social studies ta%complete the program. Four-year cur- 
ricula are currently accredited on the same basis, although criteria 
are being developed especially for the baccalaureate programs. 

Progress in Accreditation 

Since 1946, when the first list of accredited curricula was 
published, there has been an increasing activity both in accreditation 
of new curricula and re-evaluation of previously accredited curricula. 
Figure 7 shows the number of accredited curricula by year -and its table 
displays the number of institutions, by year having one or more ECPD- 
accredited curricula. Table 21 ^ives detailed historical information, 
listing b'y name the institutions with ECPD-accredited curricula, and 
indicating the number of curricula so accredited and the years in 
which accredited. 

The .number of students enrolled in institutions having ECPD- 
accredited curricula is of interest. In the fall of 1969, for 
example, 23,669 full-time and 5,636 part-time students were reported 
- as en^olled^ in schools having one or more curricula accredited b£ 
ECPD. This compares to a total reported enrollment in engineering 
technology programs of 110,575 full-time and 34,683 part-time students.' 
Thus, approximately 21 percent of full-time students and 16 percent 
of part-time students enrolled in engineering technology curricula 

are attending institutions having one or more such curricula accred 

I 

. ited by ECPD. x 



1 American Society for Engineering Education, Characteristics 
of Excellence in Engineering Technology Education (Urbana, Illinois: 
' The Society, 1962 ).* 

2 ' '. ' 

John D. Alden, "Engineering and Technician Enrollments, 

Fall 1969 ," Engineering Education, Sept-Oct., 1,97^0, pp. 31-47. 

^ '. or, 




DETAILED ; DAlA__ Num5er of i nstitutions hayi 

One or More EC PD- Acc red i ted Engineering 
Technology Curricula, 1 946 to Present. 



Ngmber Number 

Year of ^ 

Institutions Curricula 



1 946 


3 


7 


1947 


7 


1 4 


1 948 


1 3 


25 x 


1949 


19 


53' 


1950 


.19 


51 


1951 


22 


64 


1 #52 


23 


69 


1953 


26 


80 


1954 




85 


1955 


30 


91 


1 956 a - 


42 


117 


1 957 


, 45 


1 31 


1958 


47 


1 37 


1 959 


' 46 


1 40 


1 960 


46 


146 


1 961 


44 


140 


1962, . 


44 


■ 142 


1963 


43 


- 1 48 


1964 


44 


148 


1965 


48 


1 59 


1966 


49 


165 


19^7 


61 


196 


I9&8 b 


. 63 


204 


1 969 c 


68 


235 


1 970 d 


89 


283 



a The basis of reporting accreditation 
status was changed by ECPD in 1962> so 
that programs 'in branch campuses of the 
same institution were reported separately 
after that date: It has been possible to 
correct data from 1956 onward 'to reflect 4 
this po 1 1 cy c ha-fige . 

b,c,d Data includes baccalaureate curricula 
at some institutions. * 



TABLE 21 --Institutions Hiving One or Mor/| ECPO«A,ccred1 ted Engineering technology Curricula andjlumber of Curricula 
Accredited, by Year * 









Year 




























IAS tl tu tl on 


46 


47 


48 


49 


59 


51 


52 


53 


54 


55 


Lit 


57 


58 59 ( 60 


61 


V 




64 


65 


66 


67 


68 


69 


7D 


Academy of Aeronautics 




4 


4 


4 


4 


4 


4 


6 


6 


6 


6 


6 


4 4 5 


5 


5 


6 




3 


3 




3 




•< 


Aeronautical University, The 




1 


1 


1 


1 


1 


2 


2 


1 


1 1 ! 1 


1 


1 1 
















tAkron, University of 




































2 


t 1 


2 


Alfred, SUNY/ATC L 






















4 


4 4 5 


5 


5 


* ,5 


5 


6 


6 


• 6 




6 


T 


6 


Bliss Electrical School 


1- 


1 


1 


1 


1 








— I 






, "\ l | 


1 , 


Blue Mountain Community College 


























2 


.Bridgeport Engineering Institute 






2 


2 


2 


2 


2 


2 


2 


2 






— 1 




Br1gh,am Young University 
















1 1 






. 


3 a 








3* 


Bronx Community College 
















— 1 1 












2 


2 


2 




2 






2 


2 


Broome Technical Community College 




i. 








1 — 


1 

\ , * 






3 3 3 


i 


3 


4 


4 


4 


— p 


4 






4 


4 


Cal-Aero Technical Institute 




: 1 


I 


1 


1 


1 111 




I ........ , >_ 


Canton, SUHY/ATC 4 




t 




1 






3 


UJ 


3 


3 


3 


3 2 2 


2 


2* 4 


4 


4 




4 






* 


4 


Capitol Institute of Technology 13 


2 


2 


2 


2 


2 




2 


" 2 


2 


2 


2 


2 


2 2 2 


2 


2 


1 


1 


1 1 




1 






1 


2 C 


Central Technical Institute 




! i. 


1 


! 


1 


3 


3 


3 


3 


1 1 

3 


3 3 3 


3 


3 


2 


2 


2 




2 






2 


2 


Chattanooga State Technical Institute 
















































4 


City College of San Francisco 




* 




1 
















8 


8 8 8 


' 8 


8 


8 


8 


8 




5 






5 


5 


Cogswell Poly technl ca 1 College 




— ^ 




1 1 




2 


z| 


2 


z| 
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3 




3 3 i 3 


3 


3 




3 


3 




3 






3 


3 


Dayton, University of 


















3 


3 


3 


3 


3 3 3 


3 


3 


3 


3 


3 




3^ 




4 C 


* c 


4 C 


Del Mar Colfefe 








































\ 








3 


OeVry Institute of Technology (Chicago) 
















' 4 




1 


1 


1 


1 1 1 


1 


1 


1 


1 


1 




1 






1 


1 


OeVry Institute of Technology (Phoenix) 1 


Eastern New Mexico University 








































2 






2 


2 


Electronic Technical Institute 11111* 


Embry-Rid^fe Aeronautical University 13 


























1 1 1 


1 


1 


1 


1 


1 




1 








2 C 


Erie Community College e 


























5 5 


5 


5 


4 


4 


4 




4 






4 


4 


Farmingdale, SUNY/ATC 




































7 




7 






7 


7 


FayettevlUe Technical Institute 








































3 






3 


4 


Franklin Institute of 8oston 




1 


2 


4 


4 


4 


4 


4 


4 


4 


— f 
4 


4 


4 4 3 


3 


3 


3 


3 


3 




3 






5 


5 


Fri nk 1 1 n Uni ver s 1 ty 






2 


2 


2 


i ! 


11 




1 ' 


1 


1 


1 


1 ' 1 
























Gaston ColTege^ 




























4 


4 


4 


4 


4 




4 






4 


4 


Groses mont Col lege » 
















































3 


Harford State Technical Colleqe 






















3 


3 


3 3 3 


3 


3 


3 




3 




3 






5 


5 


' Houston, dm vers 1 tv cf 












5' 


c 


5 


5 , 


7 . 


7 : 


6 


6' 6 5 


5 


5 


5 


5 


6' 




6 #l £9 


69 


69 


• I i ' — ■ 1 ■ T ' ' ' * 1 ■ » ■ ■ >-+■ 

Hudson Valley Community CoHeqe i J ■ » , ' 1 \ 


7 


Iowa State Unlversl ty 7 
















r 
















• « 

3 


3 


3 




4 






4 


4 


Indiana Un1 v., - Purdue Unlv /Jndi anapo 1 1 s 


— i 






3 C 


Institute of Drafting and Technology j 






■ 1 




1 


Latl n Drifting Coll ege 


L i 2 


2 


2 


3 


3 


3 














Lake Superior State College 












1 






2 


2 


Lowell Technological Institute 




i * 

1 
















2 Z 


Michigan Technological University 


■ : - ,2 


Midlands Technical Education Center 


r ' t ■ — r 1 


— t — i — - 




\ 
















— r 

5 i 


5 


Milwaukee School pf Engineering 




i 


3 


-U 


4 


5 


5 


5 


5 


5 


> 




5 ' 5 6 


6 . 


6 


6 


6 


6 


8 


1 

8 


6 




8 n z« 


Mohawk Valley Community College 


















2 2 2 


2 


2 


2 


2 


2 


2 


2 






3 


3 


Nevada, University of 




4 


New Hampshire Technical Institute 


























■ — SI ' 






















3 


New York C 1 ty .Communl ty College 


























4 4 


4 


4 


4 


4 
















Northeastern Unly Lincoln College 
















1 
































Northrup InsUtute of Technology 




1 


1 


1 


1 


1 


1 


1 , 


i , 


I 


I 


2 


2.2,3 


3 , 


3 | 


3 


3 


3 « 


3 


3 , 


3 




3 


I 


Norwalk State Technical College 




































5 


5 


5 






6 


6 ' 


Ofclo College of Appl 1 ed 'Sc 1 ence 1 






1 


1 


i! 


ll 


4- 


A 


3 i 


3 1 


4 i 


4 


t 4! 4l 


4 i 


TT 


5 ! 


5 1 


5 


5 I 


5 f 


f 


! 


ft 1 


ft 


Ohio Technical Col lege 


























11111111 


Oklahoma State University s 








8 


8 


8 


8 


7 


7 


7 


7 


7 


7 7 7 


6 


* i 


6 


6 


6 


6 


4 


4 




4 


4 


Did Doml n1 on Unt vers 1 ty 
















































3 


Dregon Technical Institute 










— * 






2 


2 


2 


1 


2 


3 3 4 


4 


4 


6 


6 


6 


6 


6 


6 




ft UJ 


Pennsylvania State University* 








3 


3 


3 


3 


3 


3 


3 






























PSu, Allentown Campus 






















2 


2 


2 2 2 


2 


2 


J 


2 


2 


2 


2 


2 




2 


2 


PSU, Alt'oo'na Campus * 


( 


















2 




2 2 2 


2 


2 


2 


2 


2 


2 


2 


2 




2 


2 


PSU, Beaver Campus 


























* 














2 


2 




2 


2 


PSU, Behrend Campus 1 






















2 


2 


2 2 2 


2 


2 


2 


2 


2 


2 


2 


2 




2 


2 


PSU, Berks eaupuj" - 






















1 


1 


1 1 2 


2 


2 


2 


2 


2 


2 


2 


2 




3 


3 



0 * 



ERIC - . 



r 



PSU, Dubois Copus- 



Institution 



PSU, Fayette Ca«pus 



4 6 4 7 ( 48 ;4 9 50 , 5 1 52 ,53 55 56 [ 5 7 ,58 ;59 ,60 



2 2 2,2 2 



61 \f,Z 6 3 64 6 5 ,66 36 7 68 69 70 



2 2 2 2 2 *2 



? 2 2 2 
2 '2.2 2 



PSU. H<zcl ton Cawpus 
PSU, HcKeesport C*«»pus 



2 ; 2 



2 ; 2 



2 2. 2 



2 2 2 . 2 .2 2 2 2 



2*2 2 2 22 2 23 3 



PSU. Mont Al to C«wpus 



PSU. New Kensington Canpus 



PSU. Ogpntz C««p»s 



PSU, Schuylkill Ca»pus n 



2.2 2 ! 2, 2 2\ 2< 2' 2 2 2 



11 J 1 1 J It 1 I 1 1 11 1 2 2 



PSU. Shenango Valley Cfpus 



7777 



PSU. 



jf.1Ues-Barre Campus 



2/ 2 2 2 3 3 3 3 3 



PSU. trforthiogtoo Scranton Campus 0 
PSU. York Cawpus 



2 2 ,2 2 ^ 2 2,2 2 2 2 ' 2 



2 2 I 2 2 2,2 2222 



Phoenix Col lege 



Purdue University 



3 3 3 3 3 



4 ,4 4 4 4 4 



4* 4« 



Qu<enst)orougn Cobb unity College 



RCA Institutes 



1 1 T 1 1 1 1 1 1 112 2 2 2 2 1 



Ricks Col 



*9g 



Rochester Institute of Techno 1 ogy 



Si c reaento C i ty Co liege 



St Petersburg Junior College 



Sinclair Coaiiunit/ Col'ege 



1 1 1 1 2 2 * 



Southern Technical Institute 



I »2 <2 2 2 2 



1 1 T ' 1 1 I 



7 J 1\ 7 8 3 .8 3 3 8 3 3 



Sp«rton School of Aeronauti 



9 3 § 8 3 7 )z 10 



Spring Garden Co 1 1 eg>P 



2 2 2 2 2 2 2 ^2 2 2 2 



2 2 2 2 2 2 



T tCftical Education D f v PMHo Corp 



Tetiple Jm vers 1 t/ . Tecr 



Of at Arlington 



4 4 3 4 4 4 4 ' 4*4 4 4 4 



"aces Valley State Tec* 



Col lege 



Valparaiso T «ciMcal institute 



3 3 3 3 2 2,2 2 2 



Vermont Technical College 



ward Scnccl o f Electronics 



5.5 5 



Materbury Sta te 



weser S^tate Col lege 
went wo rf Institute 



4 4 4 4 



5.5 8 10 11 12 12 12 



13 13 ufrs IS «<5 15,1 5 



' - * e 



H5 t ' t„ * ? 



a I r« 0 , .j cj e s 2 Dacca. aureate pro^ r air J 
^Forirer'y, Cap'to! Padio E rg * n eer ' r g 
-I re '.lies ' ticca'ajreate program 
formerly, Imt ry- ? 4 d<j 1 e A e r&r a .< t 1 c a 1 

forirer'y, jaston T echnicaI"Irstitjte 
5a!) saccala^reate programs 

^fmer'/, a > c h 1 a * d * e c h n i c 4 1 Education C e r t e 
1 Formerly, OH; -"eCaMcs . rs e 
J I " c 1 u d e s 7 Dacca ra j r e a t e programs 
*Accred tafon original 1 / 

tO S^Ow StatsS 0 # 'nd'Vi'jJ 

■ former ,/. Enf Cen»e r 

"formerly, W/oir'ss^ng C*nt 

"Former 1 y, Potts*'' ' 1^ Center 

° F or^erly, Scar to r Center 

PrOrner 1 ;, Spr<ng jjr^er, I - S t 1 t 
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* t . 4 Current Issues, 

Accreditation of * 



Baccalaureate Programs , \,\ 

A major issue confronting ECPD, one not completelj^jresolved at 
this time, is that of 'accrediting baccalaureate engineering technology 
programs. In anticipation of the problem, ECPD had inaugurated, a 
study of four-year programs in 1964;- a committee, chaxred by Dean / 
H. E. McCallick»of the University of Ho uston\* issued a report in. June, 
196S. As a result-, ECPD revised its statement on Objectives and 
Procedure to redognize that engineering technology programs "normally 

lead to the associate or baccalaureate degree." In the meantime , 
a request for accreditation of, a baccalaureate engineering program 
ha^d been received. Lacking criteria, ECPD postponed action, but 
charged the McCallick committee to develop guidelines, c&>r the eval- 
uation ar;d accreditation of such programs. SimultanafcfCsly , another 
ECPD committee with Deah M - R. % Lohmann of Oklahoma State University 
as Chairman was appointed- "to consider in, depth the problems pre- 
sented by the request for accreditation of four-year curricula in 
engineering technology." The two committees articulated* their 
efforts. ECPD accepted the ^recommendation that the criferia being 
'used for two-year curricula be applied also to four-year programs. 
Subsequent to the official action by ECPD J s Stoard 'of Directors, 
baccalaureate programs at 12 institutions have been accredited. In 
addition, in 1970 * a set of "Guidelines for ' Interim Criteria for 
the Accreditation of Baccalaureate Degree Programs in Engineering 
Technology" were^presented to the ECPD Board of Directors. 1 

A number of problems, however, remain: t \ 

(1) Evaluative criteria relating specifically twtM *** 



baccalaureate program have not', been adopted. 

(2) The National Commission on Accrediting, although.it 
has recognized ECPD as an auxiliary accrediting agency for matters 
relating to the associate degree, has no»t recognized ECP5 *f or 
accrediting baccalaureate engineering technology program^. 

(3) There appears tcTbe considerable uncertainty about 
the place of -the graduate of a four-year engineering technology 
program in the spectrum of technological occupations; although data 

■ ^ 

v 



ECPD, op.oit. , p. IS for a summary of these guidelines. 



are being accumulated, there is yet too little expedience with the 
graduates of ^baccalaureate engineering technblpgy programs tc* 
evaluate their competencies or career roles. 

* 7 

(4) Not all of ECPD's constituencies agree tha£ the Engi- 
neering Technology Committee should havt responsibility "for the 
accreditation of baccalaureate programs*. 

y 

The accreditation of baccalaureate engineering technology pro- 
grams by ECPD has many implications for* institutions which offer, 
associate cfegree engineering technology curricula. Among the question 
raised, th£se appear important. 

(l)* How will accreditation^^ f ect transfer opportunities from 
associate .degree programs? ^ 

(Z) Will the" existence of accredited baccalaureate programs 
compromise the integrity of 'existing associate degree curricula? 

( 3 ) Will enrollments in associate degree programs be changed, 
as a result of the inauguration of baccalaureate programs? (SAae 
institutions have already noted substantial* increases in fr£&hman 
enrollments, and attribute the effect to the availability of a four- 
year, program in a neighboring senior institution.) 

* / 

(*t) What implications for curriculum Revision exist at the 
lower-division level when upper-divis ion programs become accredited? 

(5) Will" some baccalaureate programs become a source of 
instructors for associate degree curricula? 

(6) Will there be an appreciable change in the educational role 
of institutions which offer associate degree programs, 'that is, will 
t^h'ey become essentially "t^ansf^r" institutions? 

The ^answers to these and similar questions are likely to remain un- 
„known for several years; -the resolution of the problems they imply 
are likely to be a critical issue for a d^cade or more. 

Continued Lack of Interest 
by Community Colleges 

Since 1961, the American Association of Junior Colleges has 
tafcen an of ficial /stand against the accreditation activities in 
two-year institutions of all specialized agencies, ECPD included. 
In January of 1965 , a resolution of AAJ'C instructed their members 
on the board of the, National Commission on Accrediting to Vsecure 
NCA initiative and leadership to reconcile and to systematize the 4 



diverse elements and organizations in specialized and general 
accreditation..." NCA has expressed a commitment toward this goal. 

Th? AAJC has two basic concerns about accreditation by special-/ 
ized agencies; these relate to cost and to the proliferation of 
accrediting agencies. Regional accreditation, the junior colleges 
feel, is an adequate assessment of program quality. 

A study conducted by the jCentfer for Research and Development in 
Higher Education, University of California at Berkeley, and supported 
by the U.S. Office of Education focused on the problem. ^ The study 
report contained conclusions that the anxiety of two-year colleges 
about proliferation and l cost were largely unfounded, that the problems 
institutions face with regard to specialized accreditation are. largely 
sociological in nature, that problems related to licensure' and legis- 
lation are the real concern, and that accreditation is likely to con- 
tinue as a problem for two-year colleges for the next decade.^ 

In/spite of the official stand of the majority of AAJC members, 

y 

however, some community colleges have sought and achieved accredita- 
tion of their engineering technology programs. The current ECPD list 
contains 15 such institutions having a total of 42 curricula so accred 
i-ted. It is certain that many other institutions ^have patterned their 
engineering technology 'curricula after those in the colleges with ECPD 
accredited curricula. As a consequence, a t number of programs exist 
which satisfy ECPD ? s criteria, even though these programs have not 
been formally evaluated. » Some observers comment Vrgfc the. exemplary 
role of the schools on the ECPD list, fs individual institutions, has 
been more significant in improving the quality of engineering tech- 
nology education than has been the formal accrediting procedure. I 

The dilemma re la ted to accreditation of engineering technology 
programs in community colleges is likely to remain unresolved for 
some time. 

Evidence of Interest by . % > 

Bodies other than ECPD 

* ^> 

In addition to the interest shown by ECPD, the general domain of 
technological education has attracted the attention of several other 
prof ess v iondl bodies. The National Association of Trade and Technical 



^Lloyd E. Messersmith and Lelc^pd L. Medsker, Accredi tation of 
Vocational Technical Curricula in Posts econdary fKstitutions 4Berk$ley: 
Center for Jfteiearch and Development in Higher Education, 1969 ). 

2 Ibid., pp. 59-75 * 
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Schools, -the American Vocational Association, the American Technical 
Education Association and the newly -formed National Association for 
Industrial Technology are examples of the groups which -are considering 
some of the areas which interface with and--in^some cases — overlap 
the areas of concern of ECPD. BetweerAantf among these and other 
bodies, problems of cooperation, coordination* and communication are 
certain to become critical issues* for the future. 
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\ CHAPTER 6 . "(^ 

CHARACTERISTICS OF FACULTY MEMBERS IN ASSOCIATE DEGREE 
ENGINEERING TECHNOLOGY PROGRAMS * • 



r * 

This paper is the report of a stitdij of a selected sample of 
faculty members at institutions which offer associate degree engi- 
neering technology curricula. It includes summary information about 
such characteristics eduoatidnal background, teaching ' experience / 
inolus tribal experience , participation in-professional activities y and 
scholarly publications ; it presents an overview of faculty perdeptiohs 
about the strengths and weaknesses of the programs in which they 
teach; and it reports faculty member's attitudes toward the "critical 
issues" in engineering technology education. "Possible differences 
in faculty characteristics which may be ^delated to the discipline of 
teaching or .the institutional setting tare analyzed and discussed. 



Procedure • W 

Information for this "report was summarized from data supplied 
by deans or other administrators, from comments written and submitted 
by faculty member§,.and from notes made on 'personal, interviews with 
-faculty members at institutions visited for* that purpose by the chief 
investigator. Originally, 24 institutions were visited, a^d individual 1 
or group interviews with more than, 150 faculty members were held. Not 
s all 24 participating institutions, however, submitted all* the documents 

I which wisreJneeded , so that complete data were available from only 17 

fin^titutyii^^aculty characteristics' such as degrees, teaching ex- 
perience, Industrie experience and the like were elicited by means 
\ ' IV of a "Faculty Profile >l Bata Sheet" completed by an administrator; 

M faculty members were not identified in any wa^ to the chief inve&ti-> 

gator, Faculty attitudes and perceptions were supplied in the forfrr 
of written documents submitted by faculty committees at each of * the 
participating institutions*; "content analysis" techniques were used 
by th€») ch^ef investigator %o produce a summary. 

\ Sample ^ 

' The sample of faculty member^ includes 404 individuals at 17 

1 institutions; the sample is reasonably distributed by geographic 

I region' of the country, by technical specialty, and by institutional 

V\, setting *»« The following tables and discussion describe the sample in 
detail . ^ " 
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Table* 22 shows the distribution of the sample by region and &y 
nature of teaching assignment, that is, I'technical" or "general/"*** 
subjects. Tor purposes here, teaching^ assignments in English, math- 
ematics, natural science, humanities and social studies were termed 
general subject^; all others were, therefore cons idered technical 
'subjects. The table* reveals that 274 of th.e 404 faculty members in 
this sample '(about 68' percent) were teaching suQh technical subjects, 
> 



TABLE 22.— Distribution of a Sample of 404 Engineering Technology 
Faculty Members by Region* and by Te<achirjg Assignmept. 



Geacjraph i c 
Region 



Number of Individuals, by Assignment 



General Subjects Technical Subjects All Subjects 



Northeast <- 38 91 129 

Southeast - 45 v 47 92 

North Central 40 67 107 

South Central 5 32 37 

West , 2 : ' 37 39 



7 



TOTAL _ / T30 274 404 

5^ 



To some extent then, technical faculty appear to be slightly over- 
- represented in the sample, for associate degree engineering tech- 
' nology curricula usually contain' only about 55 percent of their credits 
in the technical areas, (see Chapter 2>, so that one might expect to 
find just 55 percent of the faculty teaching- technical <subj'ects . Such 
an expectation is not entirely justified: it must be kept in mind that 
class sizes in general subjects are often larger than in technical 
subjects, so that some skew of the technical/general faculty ratio 
in the technical direction should be' expected;, furthermore, technical 
suhj ects--especially laboratories--of ten have special additional faculty 
_ manpower requirements, a factor which also tends to skew the faculty ' 
ratio. On the other hand, one factor in the research design has pro- 
duced a 'real bias: in institutions where the teaching responsibility 
for general subjects lay outside the control of the engineering tech- 
nology unit, no data on "general faculty" 'were collected. This bias, 
however, is small because only a small number of ttt£T* part icipating 
institutions had such an administrative pattern.- In imy case,, the 
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over-representation in the sample of faculty members teaching tech- * 
nifcal subject? is not considered serious.' 

The 404 faculty members in the sample taught in three major 
institutional settings, defined as follows: 

Mono technical Inati tutea — s ingle purpose institutions having 
engineering technology education as their sole institutional 
objective; ^ , 

* Poly technical 'Inatl tafces-- institutions with a variety of object- 
ives related to technical' and occupational fields, including 
programs related to business, health and public servide as well 
as to engineering; 

Comprehensive Community Col Ze#ee-- institutions which include an- 
bccupational-technical program as well as a liberal/ arts or pre- 
professional "university parallel," "transfer" program and an 
adult education, community service ■ program. * 

Of the 17 institutions participating in the study, 4 were classifiable 
as monotechnical institutes, 7 as polytechnical institutes, and 6 as 
comprehensive community - colleges . Both engineering technology enroll- ' 
ments and size of engineering technology faculty, however, were apprec- 
lably smaller at the more multipurpose institutions, so that the 
largest proportion of the faculty members in the sample came* from 
monotechnical institutes. This is indicated in Table 23, which shows 
the distribution of the sample by 4 ns " t i tut i° na l setting and by teaching . 
assignment . 

TABLE 23,^Distribution of a Sample of 404 Engineering Technology 

Faculty Members by Teaching Assignment and by Institutional 
< Sietti ng 



Institutional 


Number of Individuals, by Teachin-g 


As s i gnment 


, Setting 








General Subjects 


Technical Subjects 


All Subjects 


« 

Monotechni cal \r\% ti tution 
Polytechnical institution 
Comprehends i ve Communi fy 
Col lege 


80 
39 
11 

* 


1 24 

109 v 

' 41 V 


204 
' 148 
52 


. . , TOTAL ^ 


1 30 


274 


404 


— ■ . 1 




-0^ — 





The faculty members in* the sample were distributed by discipline 
as' shown in Table 24. Examination of Tatle 2R reveals that in the 
sample the largest fiumber of technical faculty 'members is associated 
with the electrical/electronics area; the number, of individuals related 



respectively to the mechanical, drafting, ^nd civil areas follow in 
that or^er.* .Othfer researchl has shown 'that the distribution by 
technical specialty of both students ar>d graduates follow patterns , 
similar to 'this one; such consistencies support an assumption that • 
'the sample of engineering technology 
.is, adequately representative. 



icylty members considered here 



TABLE 24 . --Teachi ng Disciplines of a Sample 404 E-ngi rveer i ng 
Technolo g y *f acul tv - Member's 

' J «' 



Teaching Discipline 



/ 

Number of Faculty 



tlvll Technology 
'Drafting, Drafting Technology 
Electrical/Electronics Technology 
Mechanical Technol ogy 
Other Technol ogy ^ re as a 

Engl i sh , Communications 

Mathematics 

Physics , Chemi stry 

Human i ties/Social Studies 



r 



Other and no response 



— 7T 
33 
44 
95 
59 
37 

3Q 
40 
35 
21 

' 10 



TOTAL 



404 

-4- 



a Includes Aeronautical, Ai r v Condi tioni ng , Arch i tec tural , 'Chemi cal , 
Computer, Heating, Industrial, Management, Textile, and Environmental 



Faculty Characteristics 



Rank 



While not all the participating institutions conferred academic 
rank on their faculty members, the majority did. The number of indiv- 
iduals reported in each of the traditional rank categories is shown 
in Table 25. The category "other" in the table Includes titles such 
as "laboratory instructor," "special lecturer," and the like. The 
table reveals that, while only a small fraction of engineering tech- 
nology faculty members carry "full professor" titles, the majority 
(-234 individuals, 58 percent of the total) have "professorial" rank 



^See, for example , -Chapters 7 and 8, herein. 
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TABLE 25„--Academic Rank of *04 Engineering Technology Faculty nemoers 



r 











A^ademtc Rank 


^ Number^of 




Percentage 


Individuals 




of Total 






9 





Professor , 
Associate Professor 
Assistant Professor 
Instructor 
Other J 

Rank not apglicatrte 



TOTAL 



2-2 
£7 
125 
113 
19 
38 

w 



' 5 
22 
31 
28 
5 

9 

1M" 



i 

J 



in one of the three grades traditionally used. An appreciably smaller 
number (132 individuals, 33 f^ercent of the total) are in the ''instructor" 
and "other" grades. If it is assumed, that the individuals in the "Rank 
Not Applicable" category would be distributed proportionately to the 
five rank categories were rank available to them, then approximately 
64 percent -of the engineering technology flfculty members in this sample 
would have professorial ranks and 36 percent would have less-than-prof - 
essorial rank. The inference follows that engineering technology faculty 
members are predominantly tenured ^and experienced teachers whose achieve- 
ments and competencies have received recognition in the form of academic 
rank or title. 

Educational Backgrounds 

Collectively, the 404 faculty members ,in the sample had earned v 
50 associate degrees, 373 bachelor's degrees, 217 master's degrees 
and 14 doctor's degrees--a total of 654 such awards; only a small 
number (3 percent of the sample) reported.no degree, and these were 
most often -individuals with special credentials such as an FAA license ' 
or a journeyman Machinist's rating. , " 

His. highest earned degree is usually considered the credential 
most descriptive of the qualifications of "a faculty member. Table 
26 summarizes this information for the engineering technology faculty 
members in this sample. Examination of the table reveals that 93 
percent of these individuals hold bachelor's or hig"her degrees and 
55 percent hold master's or higher degrees. 

Detailed analysis, of the data revealed no statistically significant 
differences in the distribution of faculty credentials by institu- 
tional setting and by teaching assignment were studied. Tables 27 and 
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TABLE ^ 26. --Highest-Degree .Credent i*fs Possessed by a Sample of 
' 40*4 Eng-ineering Tectinol ogy F-acuLty Members 



Credential 



Individuals Possessing Credentials 

1 * ' ' / 



' Number 



Percentage 



Les-.s -than ^achelor's^ Degree* .34 
Bachelor's Djegree - 149 

Matter 1 * Degree % 2Q7> 
Doctor's Debtee * * / 14"' 



TOTAL 



404 



8 
37 



100 



Hncludes associate degrees diplomas , and certificates. 



TABLE* 27 . --Distribution by I n*s ti tutorial Setting -of Highest Degrees 

for- a Sampfe of* 4t)4 Lngineeri/ig Technology Faculty Members. r 





p 

Hi ghes t t)egree 

= 


'Percentage' 


of FatuVty,, by 


Institutional 


Setting 3 


it 




r *' 

. P 


C 


Total 


Less than 8achelor"$ b 
Bachelor's 
Master's 
Doctor 's 




'' 10 V 

51 

3- 


7 
43 

48 ; 

- 2 


4 

27 
61 
8' 


8 N 
37 

52 ' 
3 



a M=monotechni cal i nsti tutes , P = poly techni c i nsti tutes , C = con4rehens i ve 
community colleges as' defined in this^paper. ^ 

^Includes associate degrees, diplomas, and certificates. 



28 contain the .data. Table 27, for example*, displays the distribution 
by institutional setting of the percentages of faculty members having 
various highest academic £redintials . It is readily apparent from the 
table that engineering technology faculty members at community colleges, 
more often possessed advanced degrees *than did their counterparts at 
monotechnical or polytechnical institutes. Furthermore, the largest 
number of faculty members without bacheldr's or higher degrees were 
employed by monotechnical institutes. Table 28 shows data similar to 
that of Table 27 , but includes only faculty members teaching technical 
subjects, a subset of 274 individuals from the total of 404 in the- 
sample (see^frab^le 23 anc^ accompanying discussion). The data in Table 
28 do not reveal'any new relationships j^>y ^institutional setting and 



TABLE 28. *-Dis tr1 bution *by Institutional Settling of Highest Degrees 
for 274 Cnginwwtfrjg Technology' Facul ty Members who teach 
Tech hi cal Stkbj ects j 



. Percentage -of Faculty, by Institutional Settihcj 
Highest* Degre v e v i ^ ^ : ■ 



M 



Total 



Less th'an Bachtelorls 16 

Bachelor's- ' _y ,37 

Master's * ' 46 

Doctor' 5 r 



7 

*45 

. 3 



.5 
32 
56 

7 



■IV 
39 
47 
3 



"See footnotes , Tabl e 27 



lead to the same" inferences as just sta,ted.^ Cn'the other hand, a com- 
1 parison of the dat,a in the two tables suggests that engineering tech- 
nology faculty m^mbeos wha te^dh technical 'subjects may have fewer i 

* % * 

advanced degrees * than t^ose" who teach general subjects;, the differences, 

however i are srfiall.* ^ ] 

Agreement of Educational Background 
with Discipline of Teaching , ' 

An investigation was made of * how well the educational* backgrounds 
of each of the engineering .technology faculty members corresponded 

to J:heir teaching ^ssignme/it«. "Agreement" - was based on direct cor- 
respondence of the discipline of the degree and the discipline of 
teaching. (For example, an individual with- a* B . S . in civil engineering 
who was teaching surveying was scored "agree," an individual wi±h,a 
B.S. in physics" who*was teaching electronics, was' scored "disagree j" 
afyd an individual with a history major whQ *was teaching English was 
scored "disagree:") Table 29 gives the* results. <As can be 'noted . 
from the -table r a substantial majority of the faculty ' mfembers were 
teaching in their major field. Detailed analysis showed that per- 
centage of "agreements" wa$'(l) slightly higher for faculty members 
teaching technical subjects than for those Reaching general subjects, 

and (2) somewhat iower for faculty members in comprehensive communrity 
* 

colleges than in othe'r institutional settings. In each instance, 
the differences were small, as indicated v in Table,30. 4 



Teaching Experience * « 

>- * 

The 404 faculty memberf in the sample reported their prior teach: 
ing experience. Table 311 gives a summary of the data. The range in 
the data reported was^O-39 years; the mean was 8.7 years. The data 

* t = 



TABLE, 29.— Ag/eement' of Educa^ionat Background and Discipline of Teaching 
* oj a Sample of 404 Engineering Technology Facul ty* Members 



— ^ M I 


Condi tion 

— i — * 


/ 


'Number of 

Individuals * Percentage 



Background and assignment acfree 322 80 

Background and assignment do rfft agree 60 15- 

Data Insufficient for analysis ; 22 5_ 

TOTAL- TOl 100 



TABLE 30. --Percentages of Background/Assignment Agreements for Engi- 
neering Technojogy Faculty Members of V a r i o a s Categories 



Faculty Category • • Percentage 


of Background/As signment 
Ag reements' f 






Technical Faculty 

Morfot^chni cal Institutes 
, Pol y techni caj^ Institutes . 
Comprehensive Community Colleges 
Total , -Al 1 Settings 


84 
83 
71 
82 


All Faculty 

Monotechnical Institutes 
Roly tech ni cal I nstitutes 
Comprehensive Community Colleges 
Total fi Al 1 Settings , . 


81 

71 f 
80 # 


— \ 

•> 





TABLE 31 ,-rAgqregate Prior Teaching Experience Reported by a Sample 
of 404 Engineering Technology Faculty Members 





Prior Teaching 


Experience 




Number 


of Individuals 


0 - 4 


Years 






159 " ' 


5 - 8 


Years 






102 


9 - 12 


Years 




r . 


55 . 


13 - 16 


Years - 






37 


17 - 20 


Years 






18 


21 - 25 


Years . 






14 


Over 25 


Years 






. - 19 




• * TOTAL 






404 
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showed nearly identical patterns cf teaching v experience for all insti- 
tutional settings and for the nature* of the teaching assignment, that 
is , f ^technical or general studies. That a substantial majority of the 
faculty members in tl\e sample reported teaching experience of £ive or 
more /ears rs consonant with the distribution by v academic rank of . 4 
this group, previously discussed: 61 percent of, the sample have five 
or more year s^ exper ienqe ; 58 percent are listed in thfe "professorial" 
ranks (see Table 25.). ' f 

Industrial Experience * 

— I — 

The faculty members in the sample reported the number of years 

* m 

industrial experience they possessed. Table 32 contains summary 
data. The* range reported was 0-43 years; the mean was 6.5 years. 

TABLE 32 . --Aggrega te Industrial Experience Reported by a Sample 
^ of 404 Engineering Technology Faculty Members. 



Industr i al Experi ence 



Number of Indi vidua! s 













ftone 






98 




1 - 4 Years 






116 




5 - 8 Years 






80 




9 - 12 Years 




* 


44 




13 - 16 Years 






27 




17 - 20 Years 






20 




- 21 - 24 Years 






7 




i • 25 Years or More 






1 2 
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Detailed analysis jof the data revealed only minor difference 
in the pattern of in&u£ trial experience for the faculties of mono- 
technical institutes, polytechnical institutes and comprehensive 
community colleges, but showed some differences when teetinical faculty 
and total faculty were compared. Figure 8 indicates /these results. 
As might be expecjed, the proportion of 11 technical" faculty members 
with industrial experience is greater than that for the sample as a 
whole. The interesting finding is that the proportion of M all faculty 
members, all* institutions" without industrial experience (25 percent) 
is appreciably less thaji the proportion* of faculty members teacKing t 
"general" subjects (32 percent)-, thus, many engineering technology 
faculty members whose teaching disciplines are mathematics, natural 
science , ^English , or humanities/ social ' studies have industrial exper- 
ience, <a. condition which some observers would commend highly. 

X X kJ 
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FIGURE 8 . --Proportions of Engineering T&chnology Faculty Members 
Reporting Various Amounts of Industrial Experience* 



All Faculty 
Mondtechni ca 1 
Ins ti tutes 



Al 1 Facul ty , 
Polytechnical 
Insti tutes 



30? 



24? 



11 M* 

heMm v e Community 
loWec 



AT W^acul ty , tompr.e- 

nve 
College 



All Faculty, 17^ 
Al 1 Insti tutions IA_ 



2b% 



Te-chnical Facully 
Only, All Institutions 



8% 



15% 






70% 




76% 



llllllli 



9'2% 
7 




75% 




LEGEND 



□ 





None *-"7 years V 8-14 years ^ 15 years 



and more 



Lioenses , Prof es sional Registration " * 

The faculty members in the sample reported their possession of 
a license or professional -registration. Table 33 gives, a summary of 
the data. A detailed analysis of the data showed no significant 
differences in the porportions of license-holders by institutional 
setting; Table 34 contains the results. 

I 

Memberships in Technical . 

and Professional Societies * ^ ' 

The 404 engineering technology faculty members in the sample 
reported their participation in professional activities in 'terms of 
memberships in technical or prof essional . societies . For the purposes 
here, prqf essional societies were defined as organizations principally 
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TABiE 33. --Licenses Reported by a Sample of 404 Engineering Tech- 
nology Faculty Members. 



1 ■ 

r 






Type" of Li cense 


Numb e r 
Reported 

i 


Pe r cen tage of 
Sample 


* professional Engineer , 
'Reg1 st'ered 1 Land Surveyor 
Engineering Technician 3 
0ther b ; 


66 
1 1 
IT 
37 


3 ' 

3 

9 


TOTAL 


• 1 25 c . 


28C 



includes grades of_ "Engineering Technician 11 and "Senior Engineering 
Technician" • s 

b Include's Architect, Landscape Architect, Registered Engineer, FCC ' 
.-Ific^nse, FAA License 

c 12 individuals reported possession of two licenses; thus 113 ' 
individuals (28 percent of the sample) possessed qne or more licenses .J 



TABLE 34, --Proportions of Engineering Faculty, by Institutional 
Setting, with One or More Professional Licensees. * 



Institutional Setting Percentage of Faculty with 

One or More Licenses 



Monotech ni cal Institutes 26 
Polytechnical Institutes 30 
Comprehensive Community Colleges" 31 



• TOTAL SAMPLE 28 

A 

related to the practice of the engineering or teaching professions 
(for example, ASEE, NSPE, state societies of PE f s) and 'technical 
societies 'were defined as organizations concerned primarily with one 
of the disciplines of engineering (for example, IEEE, ASME 4SCE) . 
A total of 732'such memberships—prof essional and technicals-were 
reported, with nearly fou>*fifths of the individuals in the sample I 
reporting one or more memberships. Table 35 shows the^data. 

Publications 

The faculty members in the sample reported the number of pub- ' 
lications credited to them in terms of theses, dissertations, articles 
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TABLE 35. --Prof essional and/or Technical Society Memberships Reported^ 
by &.SaKiple of 404 Engineering Technology Faculty Members* 



Item 



Number of 
Indfvi dual s 



Percentage 
of Sample 



Individuals with one or 


more 


members h i pj> 


' 31 5 


78 




Individuals with one or 
soci.ety memberships 


more 


professional 


243 


58 




Individuals with one or 
society memberships 


more 


tech nj cal 


186 


46 




Indi vl dual s wi th one or 
in each type of soc ie ty 
J 


more 


memberships 


124 


31 . 


* 



in scholarly, trade or professional journals, formal papers , t delivered , 
texts for which they were the author or contributing author, and 



others. A total of 970 publications were reported, 
the data. 



Table 3 6 contains 



TABLE 36 . --PublTca t ions Reported by a Sam»|yfe of 404 Engineering 
Technology Faculty Members. 



Type of Publ i cation 



Number 



5 

Theses , dissertations 
Other Research studies 
Articles 

foVmal * papers del i vered 
Texts 

Other publications * 



92 
1 74 
366 
'256 
36 
46 



> TOTAL 



970 



Faculty Recruitment 

. . ^ 

Administrators in the engineering technology units of the par- 
ticipating institutions wer^ asked what strategies 'they used in the 
recruitment of faculty members. Most administrators stated that they 
recruited principally from individuals employed in local industry,- 
and that a major factor in their hiring decision was their personal 
acquaintance (or that of a staff member) with the individual fcoirtg 

■lie 
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recruited. Other strategies were also listed. The recruitment tech- 
niques reported are listed in Table 37 in rank order of report "frequency , 

/ 

TABLE 37. --Stategies Used for Recruitment of Engineering Technology 
Faculty Members, As Reported by Selecte'd Program 
Admi ni strators . • - 



4 Rank Order of 

Recruitment Stategy , Reported frequency 

of Use 



Recruitment from local industry * 1 

Adverti ^ment in technical journals 2 

Advertisement in newspapers 3 > 

Recruitment from college placement offices » 4 

Recruitment from teacher placement agencies, J 5 

Recruitment from teachers employed elsewhere 6 

•Review of "blind" applications ' 7 



ERLC 



■ Faculty Attitudes 

Faculty members in the sample were given opportunities to express 
their attitudes about their jobs $nd the curricula in which they were 
teaching. The comments were of the "free response" type, and have 
been paraphrased or abstracted in the following paragraphsV 

Souraes of satis fact ion- -faculty members enjoyed "observing 
students grow...,* 1 "being involved directly in the education process.., 
"getting a job done...," "helping solve the [technical] manpower 
problem...," and "working with young people..." They liked the "re- 
laxed academic atmosphere" as contrasted with "the pressures of 
industry." One expressed satisfaction with "...the chance to utilize 
fully my technical background," and several stated they enjoyed the 
"challenge" of ^eachinf. The series of comments focused c on general 
satisfaction with the academic environment in whiah these teachers 
worked . 

«. 

Sources of dissatisf Nation- -F 'acuity members expressed some con- 
cern about "lack of communication on campus," "...interference from 
1 tradition-bound ' [colleagues]....," and the "lack of time to keep 
abreast of the technical field," but few major dissatisfactions were 
expressed. Some voiced complaints about "lack of budget for equip- 
ment and supplies" or "insufficient funds for operation", but these 
matters, from the tone of the responses, seemed to be irritations 4 
rather than major dissatisfactions. f 

1 1 
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Perceptions about ourriou turn- -The majority of the faculty ^pntbers 
who responded perceived the engineering technology curricula at their 
institutions as being "excellent" or "strong" in the technical course 
content. Most identified the "'hands-on 1 method of instruction" or 
the "practical approach to problem solving" as a special strength of 
these curricula. They seemed, however, bothered by factors' of "image"; 
they often expressed a "lack of understanding," or a "lack of acceptance 
as unfortunate weaknesses; some deplored the "second-class citizenship" 
status in which their students reputedly were helc}. But the most 
frequently expressed perception was that the engineering technology 
curricula were not attracting sufficient numbers of qualified students. 
Positive sentiments, however, predominated in expressions q>f faculty 
attitude . 



Faculty Assessment of 
Critical Issues * 

Engineering .technology faculty members were asked to express, 
in "free response" format, their concepts of the critical issues in 
engineering technology education. I rank order of frequency of 
identification, the following pr^Lem areas were most often mentioned: , 

1. Development of public understanding of the nature 
of engineering technology education. 

2. Recruitment of students. * — i , ^ 

3. Adequate funding^^ existing and emerging programs. 

i+ . The emergency of the baccalaureate program in engineering 
technology. 

Other issues identified include needs for reduction "of attrition 
rates, articulation with senior institutions, and better feed-back 
from industry. 

Summary / 

A study was made of M-0M- engineering technology faculty members 1 , 
of whom were teaching technical subjects and 130 were teaching 
general subjects. The individuals in the sample were reasonably ' 
distributed try geographic region, institutional- setting, and teaching 
discipline, so that the summary data &n the sample adequately pro- 
vide a profile of engineering technology teachers. 

More than- 60 percent of such faculty members hold academic ^anks 
of assistant professor or higher; *37 percent are teaching with only a 
bachelor's degree but 55 percent hold a master's or higher degree. 

if • / 
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Only 1 ^, percent have less than a bachelor f s degree. These faculty 

members are^usually found teaching in the discipline 'in which their 

degrees were earned; this was true in 80 percent of the cases examined.. 

* • 1) 

Engineering technology faculty member.s have a mean of over "8 s 

years of teaching experience and ^nearly 7 years of industrial, exper- 
ience.' 'About 28 percent of them hold professional licenses "of one 
sort or another, and 78 percent of them hold membership in professional 
.or technical societies. These individuals also publish scholarly 
works, the UDH of them having been credited with an aggregate of 970 
publications . * * ' 

s 

Currently, engineering technology faculty members are reported 
as'being recruited most of ten, from individuals eadloyed in industry, 
although other strategies are -also used. These^VaTculty members find 
satisfaction with the "challenge of teaching," have some* concerns about 
budget for their programs, believe that the "pract ice-oriented" cur- 
riculum is a strength of their program, and. identify the "poor public 
image" of engineering technology as the most critical problem in the 
area of engineering technology education. 



\ 
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CHAPTER 7 ■ ^ 



STUDENT TECHNICIANS: A STUDY OF SOME CHARACTERISTICS 
OF STUDENTS ENROLLED IN ASSOCIATE DEGREE * 
ENGINEERING TECHNOLOGY PROGRAMS 



This pager describes briefly some characteristics of students 
enrolled in selected associate, ' degree engineering technology curricula. 
It gives^ som& statistical information about their socioeconomic back- 
ground*) their high school preparation 3 their motivations and aspir- 
ations, and their perceptions of factors which influenced them in 
making career choices. Data were obtained from questionnaires dis- 
tributed to students at various institutions which offer associate 
degree engineering * techno logy curricu la. 



u The Survey 

• w > 

The Questionnaire ^ 

The survey instrument used in this study was a questionnaire 
of $5 items (see Appendix E). A pilot ' study phased on a 27-item 
questionnaire, had been conducted; the experience with the pilot, 
however, showed that two items' (numbers 14 and 2 6 in the original) 
were redundant ^and CQuld, therefore be eliminated. The final 
instrument was printed without renumbering items and with the re- 
dundant questions omitted. , ? 

Procedure v 

The questionnaires were distributed to selected students by 
faculty members or administrators at participating institutions. 
Students completed the questiortnaires anonymously and returned them 
to their institution. The institution, in turn, submitted the 
questionnaires to the ET£S Staff for analysis. Institutions had 
been requested to solicit responses from engineering technology 
students in the second or a later term of the curriculum, but 
sampling -procedures were not specified. Although the sample pas 
not 'controlled, the, general internal consistencies in the data 
generate some cojifadence that, they are reasonably representative 
and hence acceptable for the purposes here . -Furthermore, the 
principal investigator interviewed approximately a dozen students 
a\ each of the participating institutions and found high degrees 
of correspondence between information elicited by interview and 

- ,-i/-US- 
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that obtained from the questionnaire. 

» 

The Sample - * 

, The survey generated 1241 completed^ questionnaires 'from'* students 

■ . * . . . * \ 

at 16 different institutions, although not all responses on all 

questionnaires were usable. Some general characteristics of the ^ 

sample are summarized below: 

. 1212 of the respondents were male, 29 female (women constituted 

only 2.4 percent of this sample) 

» 

281 (23 percent) of the respondents were married 

92 percent of the respondents were attending college full- 
time; 8 percent, part-time (it is believed that in the 
total population of associate degree engineerii% technology 
students, part-time students constitute a proportion somewhat. 
r greater than 8 percent; henc£ part-time students may be under- 
represented in 'the sample) * y 

252 were attending colleges located geographically in the 

northeast region of the^United States; 37 6*, in the southeast^ 
118, 'in the' north central section 1 ; 241 in the south central 
section; and 254 in .the west coast region. Figure 9 displays 
this distribution. 



< — 

FIGURE 9. --Distribution by Geographic Region of Individuals in a 
Sample of 1 241 .Associate Degree Engineering Technology 
.-Students. 3,7 




In addition, summary data on 23 0 additional students xn the 
north central region were available for comparison- however, these 
data yere not included in the analysis here. 1 * ( 
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41 

<4 • Analysis of Data 

— ^ . > 

Socioeconomic Backgrounds 

Age--The majority pf the associate degree engineering technology 
students who responded to the survey were 21 years old or younger, 
66 percent falling int^o this category; however , ,sli&J:ly more than, 
10 percent reported ages of 26 years or more. Figure 10 shows the 
distribution of ages as reported by 1238 student* who reoy^nd^d to 
Item 1 of the questionnaire. Jhe range of reported ages extended 
from 17 through 48, with 19 being the most frequently reported^ge. 
The accompanying table give? detailed data. 



Figure 10 

y 

i 



-Age Distribution of 1238 
Students in Associate Degre^ 
Engineering Technology 
Curricula. 



Age Di stri butlon of 1 238 
Students in Associate Degree 
Engineering Technology Curricula. 




1 





<• 




Age 




Number 


l 7 




3 


18 




200 


19 




305 


20 




. 196 


21 




116 


22 




95 


23 




92 


" 24 




50 


25 




44 


26 




. 36 


27 




18 


28 




17 


29 




10 


30 




8 


31 - 


35 


22 


36- 


40 


14 


41 


& Over 


10 



Home Location—Table 38 shows the jiature of the home* locations 
of those responding to the questionnaire (see Questionnai^te Item 22); 
. . '1213 individuals supplied data. It is interesting to ji<?te that the 

proportion of engineering technology students comihg from farm, rural 
m * or small town locations, a total of 31.2 percent, is considerably 

ERIC . 123 
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greater than the corresponding proportion of such individuals in the 
population as a whole, about 14 percent according to census estimates. 

Father f 8 Occupation- -T\\e associate degree engineering technology 
students in this sample appear to come largely from families in which 
the father is or was associated with a technical field.. Of the 1104 
students who responded to a question about their fathers' occupations 
(see Questionnaire Item 24), approximately one- third indicated such a 
relationship. "Table 39 lists, in order of decreasing frequency, the 
dara which were reported. 

y 

TABLE 38. --Home Locations of 1213 Students in Associate Deqree 
Engineering Tec hnol ogy Curricula. 



Students Reporting this Location 



Home Location 



tyumber 



Hsrcentage 



Farm or ^ural Area 


192 


V 


• 1 5 


.8 


Smal 1 Town 


186 


15 


4 


Large Town 


93 




7 


6 


Small City 


216 




17 


.8 


Large City 


' 250 




20 


.6 


Major Metropolitan Area- 


276 




22 


.8 



TABLE 39, 
~~4r 



-Father's Occupation for 1104 Associate Degree Engineering 
Technology Students. / 



Occupati onal Category 



Number Reported 



Craftsman, skilled worker 

Technician or equivalent (Constructlpn , operation, 

repair, inspection, testing, etc.) 
Supervisor, foreman, marfager, executive, etc. 
Proprietor of business, contractor, etc. 
Unskl 1 1 ed worker 
Production worker (skilled) 
Sales ' 
Clerical or office worker 
Farmer, rancher, etc. s > 

Engineer or Scientist 
Military ' 

Physician, Lawyer, Minister, Teacher 
M1 s-cel 1 aneous (Musician, Policeman, Fireman, 
Journalist, etc) 



1 56 

133 

124 
100 
95 
93 
87 
75 
72 
60 
45 
37 
?8 



x L x 



family Income-- Students in associate degree engineering technology 
curricula /appear to come from families having reasonably adequate in- 
comes, although there was an extended range in the data reported by 
the J142 students who responded to a guestion dealing with this matter 
(see Questionnaire Item 25). From data reported, the mean family in- 
come was estimated to be $790 per month, about $9500 annually. The 
median income was estimated to be somH/hat lower, approximately $8800 
•per year. 'Table 40 gives details of the responses ma4e . 




TABLE 40. --Monthly Family Income Estimated by 1142 Associate Degree 
• Engineering Technology Students . 

■ ' 1 5: . 

■ 

Monthly Income - Number of Students 



Less than $400 104 

$400-$600 298 

J600-$800 258 

$800-$10Q0 212 

$1000-$1200 102 

$1 200-$1500 83 

Over $1500 85 



r 

An interesting and somewhat anomalous pattern was revealed by 
a detailed examination of the completed questionnaires. Many of 
the students whofcreported family incomes of less than $400 per month 
were individuals who had classed their home locations 4 as a "farm or 
rural area 1 ' and had given their father 1 s, occupation as "farmer" or 
"rancher." f|6st of these students also reported that their college 
expenses were coming wholly or mainly, from their families". Hence, 
there are some indications that many who reported low family incomes 
were reporting "cash flow 1 ! data and that "standard of living" or 
"socioeconomic level" inferences cannot be safely drawn, particularly, 
at the lower levels. Other research data 1 also tend to indicate that 
the median economic status of the families of technological students 
is somewhat higher than that of the college population as a whole. 



See, for , example, American Society for Engineering Education, 
The Technician'* Peer Groups: A Review of Some Research on High School 
Student* 3 Study Report No. 5, Engineering Technology Education Study 
(Washington, D.C.: ASEE, 1970), pp. 13-15. 
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College Admission and Performance 

The vast majority of the students in the sample reported high 
school graduation or transfer from another college as the basis for 
admission to college^ (see Questionnaire Item 11). Only 87 (7 percent 
of the sample) listed the General Educational development Test as the 
basis for admission. 

The ^stuxients in the sample reported generally satisfactory per- 
fprmance in their college programs. In response to a question abQUt 
their current grade point average (see Questionnaire Item 10), ^1229 
of the 1241 students reported GPA values; the mean 6f the GPA f §/ re- 
ported was 2.46. The distribution w^s as follows: 

1 

Grade Point Average Number of Students 

Lower than, 1. 5 '44 

1.5 - 2.4 63C 

2.5-3-u i 500 

3.5 or higher , 5 5 

High School Background 

Rank 'in High School Cla88--The students in the sample were re- 
quested to report their rank in their high school, class by quartile 
(see Questionnaire Item 13). While 24 percent of ' the students in ' 
the sample marked this Ttem as "unknown," the largest number ^per- 
ceived themselves as being Hn the second highest .quartile; the <£ata 
are given in Table 41. Other research tends to support the findings 
reported here. 1 



T^BLE 4K--Rank 1n Hlgh^School Class as Perceived by 1241 Associate 
Degree Engineering Technology Students. — 



Rank 1n High School Students Reporting Rank 
Class 

Number -Percentage 



Highest Quarter 277 22 

Second Quarter ' 388 31 

Third Quarter ' 235 L9 

Lowest Quarter 46 '4 

Unknown 295 24 



1 ibid. „ 12b 



High School Curriou Zum--The students in the sample were requested 
to report the number of years of study they had devoted to selected 
subject areas in high school (see Questionnaire Item 12). Table -42 
summarizes the responses. 

It is interesting that all students reported some mathematics 
study in high- school. The level of such high school mathematics 
was not investigated but, presumably, the first year represented a 
"gerferal Mathematics" course, the second an "introduction to Algebra. ,f 
Moreover, 80 percent of the -students reported three, four, or more 



TABLE 42. --Study of High School Subjects as Reported by 1 24V Associate 
Degree Engi neeri ng 'Techno 1 ogy Students. 



Subject Area 



Number of 
Years 



* Numb e 
Students 



\ 

r of V 



Mathematics 



1 60 

2 184 

3 367 
4 or more 630 



"1 241 ( 100%) 



Phy s 1 cs 



1 * 590 

2 or more 51 



"641 ( 52 «) 



Cheml s try 



1 720 
2 or more 44 



'764 (61 X) 



Draf t1 ng 



1 
2 

3 or more 



37 7' 
165 
150 



"692 (56%) 



Industrial Arts 



1 
2 

3 or more 



251 
145 
160 



"556 (45%) 



Vocational Education 



t 



1 

2 or more 



192 * 

318 



(26%) 



Technical Education 



1 

Z or more 



88 

117 



"205 ( 1 6%) 



1 9~ 
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year s of high schoolmathematj.es. Apparently, many of the respondents 
interpreted this question to include the junior high school years, 
grades 7-9, ^ince just over 5 0 percent reported four or more years 
of study in the /^rea. I 

Slightly more tha,n half of the students .in the sample reported 
having studied Physics; more than three-fifths reported having, 
studied Chemistry. A close examination of the responses revealed 
that 495 students repor'ted study of both Physics and* Chemis try , 146 
reported Physics only, and 269 reported ^Chemi^try only. Thus, 910 
students in the sample (73 percent) reported high' school experience 
in a physical science. 

High school courses in drafting were reported with appreciable 
frequency; 692 students (56 percent of the sample) claimed study 
in this area, and nearly half of these reported more t'han one year 
of such study. Courses- in industrial arts, vocational education, / 
and technical education were reported less frequently, involving 
45 percent, 26 percent, and 16 percent of the sample, respectively. 
Most frequently, t*he students whe reported drafting experience also 
reported study of these last are^s. Few who had studied both physics 
and .-chemistry had also studied industrial arts, vocational education, 
or' technical education subjects. 

I * 

Curriculum Choice and Changes 

Dt8 trtbutton by Specialty --Table 43 lists the *dis tribUt ion by 
technical specialty or "major" of the students included in the sample 
(see Questionnaire Item 7). The most popular specialties appear to 

TABLE 43. Distribution V Technical Specialty of 1241 Students 
Enrolled 1n Associate Degree Engineering Technoloav 
Ciy r 1 cul a . 



— r 



Technical Specialty Area Number of Students 



El ectron 1 cs -401 

Mechanical 197 

C1v1l 177 

Drafting - 149 

Electrical Power 67 

Archl tectural 54 

Industrial Engineering 49 

Cheral cal \ 19 

Aeronautical '17 

Other 111 



•123- 



be Electronics Technology, Mechanical Technology, and Civil Technology, 
These three curricula account for a total of 775 of the 1241 students 
in the sample, or 62 percent pf the group surveyed. In the table, the 
titles for .technical specialty areas are arbitrary descriptive terms, 
not necessarily ejcact curriculum titles; for example, all students 
reporting their majors as "Civil Technology",, "Civil Engineering 
Technology", "Highway Technology", "Surveying" and Mapping Technology", 
or the like have been included here in the classif ica>tion "Civil". f 
The caJtegory "other" includes- miscellaneous programs of small reported 
frequency, such as "Textile Engineering Technology" , "Air Conditioning 
Technology", "Electro-mechanical Technology", "Instrumentation" , ana 
the like. 

Tpane/er— Approximately 21 percent of this sample of engineering 
technology students had transfered to the institution they we're < 
attending^frnra nnnthir- college (see Questionnaire Item 6); 266 
reported having attended at least one ether college and 36 reported 
naving attended two or more ether institution^. 

Changes of Mao or-- Students in the sample reported changes c£ 
major with appreciable frequency (see Questionnaire* Item 8); 3*1 
(25 percent of the sample) reported one or more changes of major 
and 39 reported two or more such changes. Table uu liWt£ the 
"previous majors M that were reported by t*he students responding Jo 
this item on the questionnaire; the total number of previous majors 
reported (371 in the table) exceeds the .number of students w^had 
changec majors ( 3 41 ^because those who repprted m<3*4 than one change 
in major usually reported previous majors in two or more areas. 



TABLE 4*. --Previous Majors Reported by Certain Associate Degree 

Engineering Technology Students who had Changed Majors 



Previous Major 



Engi neerl ng 

Physical Stience or Mathematics 

Another Engineering Technology 

Liberal Arts 

Business , f 

Vocatl ona 1 Education 

Education 

Other* 



Frequency of Report 



134 
28 
69 
38 
42 
15 
1 1 
34 
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*0ther incl^s Fine Arts, Agriculture, Health, Forestry, etc 
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Students who bad changed majors were asked to give the reason- ' 
for the change (see Questionnaire Item 9)i 289 (nearly 85% of those 
who reported changes) responded to this item on the questionnaire. 
Their responses are summarized in Table 45, The entries in the 
table are mainly paraphrases of the actual responses. A pattern 
seemed to emerge, however, 'in which changes in majo'r are related 

principally to students 1 reassessments of their interests and abilities. 

Al special analysis was made of the reasons for change given by 
students' who had changed from a major in engineering, physical science 
or mathematics to one in engineering technology. The 162 students 
Csee Table 44 ) _iri this category often stated that they preferred the 
practical to the theoretical, had lost interest in theoretical courses, 
or felt they could not cope academically with theoretical courses^ 
two-thirds of the responses given by suph students were of this nature. 
Table 46 contains relevant data. 



TABLE 45. --Reasons for Changes in Major Reported by Certain Associate 
Degree Engineering Technology Students. 





Reason for Change 


Number Reporting 
Reason 


.a . 


Preference for technical (practical) over 
engineering (theoretical) program 


20 


•b. 


Loss of Interest 1n previous choice 
(e.g.* it was boring, it was not what 
I expected) 


102 


c . 

) 

d. 


Change 1n career objective 


38 


Reassessment of ability (e.g., poor 
academic performance 1n first choice) 


54 


e . 


To enhance spectrum of competencies 
(e.g., to obtain a second degree, to 
have a doubl e major) 


11 


f . 


Higher pay anticipated in new area 


12 «. 


9 • 


Economic reasons (e"a., could not afford 
a longer curriculum; 


15 


h. 


Pressures of time (e.g., wanted to finish 
college as quickly as possible) 


. 13 


1 . 


Changed rchools, previous major no longer 
aval 1 abl e 


9 


j. 


Vork experience influ/nced change ^ 9- 



1 



1T0 
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TABLE 46. --Reasons Reported by Certain Students for a Change 1n Major 
from Engineering, Mathematics or Physical Science to 
~ "^Engineering Technology 



Region for Change Number Reporting 

^ - • Change 



Preference for Practical Program ?n 

to a Theoretical One u 

Loss of Interest 1n Previous Choice 30 

Previous Choice Too Rigorous or Too 

Difficult 31 

^Change 1n Career Objective . 12 

Wanted to Finish College in a Short - , n - 

Time 10 

Other 20 



College Chpioe--The students iji the sample were requested to liat 
fa<Ttors which influenced th<y.r choice of institution (see Questionnaire 
Item 20). The questionnaire item eliciting this information was the 
J 'free response" type, so that most students gave several factors. The 
s\ frequently given factors are summarized in Table 47; "frequency" 



mo 



TABLE 47. -.Factors Purported to Have Influenced Associate Degree 
Engineering TechnolQgy Students 1n Their Selection of 
, . a Co 1 1 ege. \ 



Factor t Freque^cy^- 



Location of Institution / 783 

Costs (tuition, fees, eiptfnses) 599 

Reputation of Institution 408 -s 

Recommendations of friends or relatives 254 

Institution offered the program desired 97 

Recommendations of high school counselor 17 

Only Institution allowing entry * 16 



13 
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in the table ijs the total number of times each factor (or its equiv- 
alent) was mentioned. In addition to those in the table, a number of 
other factors were mentioned, but at frequencies too low (fewer than 
10) to be meaningful; among these were responses such as "I was sent- 
by my employer", "I was given a scholarship there", "Because the school 
was accredited", and the like. 

Career 1 and Curriculum C^oice--The^.students in the sample were 
queried on various topics related to their career choice and hence 
presumably to the curriculum choice they had made (see Questionnaire 
Items 16-19. Table 48 suiflmarizes students' responses to a question 
about their ultimate career objective as they now perceived it. As 
can be •noted from the table, the majority listed technical employment 
or professional employment as their ultimate goal. r 

TABLE 48. --Career Objectives Reported by 1241 Associate Degree, 
Engineering Technology Students* 



Career Objective Students Reporting Objective 



Number Percentage 



Technical empl oyment .734 59 

Professional employment 187 15 

Management * 84 7 

Operate my own buslrfess 83 7 

Teaching 36 3 

Employment not related- to education 14 } 

Research 13 * 1 

Sales . 9 1 

Undecided (or no response) 81 6 



In response to a question about their confidence in the stability 
of their career choices, tY^se individuals replied as follows: 

326 (26 percent) were "positive" about their choice. 

600 (48 percent) were "reasonably certain" abou,t it. 

142 (11 percent) were "moderately certain"^ft)out it. 

124 (10 percent) were "not sure?" and , indicated that this was a 

tentative choice only. * . ' 

4 9 (4 percent) did not respond. — * 

« 

Observations which reasonably follow from these analyses of 
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career objective and stability of career choice are as follows: (1) 
associate degree engineering technology students appear in substantial 
numbers to have matched their personal career objectives well with 
available educational preparatory programs; and (2) these students, 
in general, appear confident and purposeful in the pursuit of * their 
career goals . 

In response to a question related to the time at which their 
career (and hence curriculum) choice was made, these students re- 
ported as shown in Table 49. It is noteworthy that nearly one-half 
reported having made a career choice in high school. t . 



TABLE 49. --Time of Career Decision as Reported by Certain Associate 
Degree Engineering Technology Students. 



Approximate-Time of 
Career Decision 



Students fteporti ng 



Number Percentage 



Prior to junior High School 


51 


- 4 


In Junior High School 


37 


3 


In Senior Hi gfi School 


594 


*e 


After High School Graduation 


171 


14 


and Working for a Period 






In Coll ege 


180 


14 


In Mi 1 i tary Servi c s e 


99 


8 


No Response 

* 


109 


9 



1 



9 
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When asked to identify factors which they perceived to have 
influenced their career decision, these individuals replied as 



f ollows : 








7 07 

* 


Listed 


"personal interest" 




218 


Listed 


"work experience" ' 




160 


Listed 


"family influence" 




99 


L i s t e^d 


"influence of friend's" 




90 


Listed 


"influence of a high schooi counselor 


or teacher" 


30 


Listed 


"influence of a professional or colleg 


e counselor" 


51 Listed 
matter 


various, miscellaneous factors such as 
taken in high school," "possibilfty of 


"$ubj ect 
a gfr^d job," 




etc . 


1 Om 

A kJ v> 
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Many listed 'a combination of^several factors; some did not respond 
to this questionnaire item. Included in the "personal interest" 
category are* such specific comments as "I've always liked 'to draw," 
"Radio is my hobby, "Machinery interests me," and the like. Military 
experience is included, where relevant, und^r "work experience". 




Immediate Post-Graduation Plans 

The students in the sample were asked about their immedial 
plans after completion of the program in which they. were 
(see Questionnaire Item 15). Table 50 lists the responsli an J their 
frequencies . 

A special analysis was made of those who stated they planned 
to continue schooling. Of the 399 who made this statement, 387 
supplied additional data; those data are displayed in Table 51. The 
table reveals that the largest proportion of students planning 
immediate further schooling after receipt of their associate degrees 
were planning to pursue baccalaureate degrees in engineering tech- 
nology; one-half of these students projected such plans; approximately 
one-fourth of the grbup indicated a planned engineering program; the 
remaining one-fourth projected such disciplines as business admin- 
istration, education, physical science, and industrial management. 
A Pattern of some importance was suggested by the data and was 



TABLE 50 .--Immedl ate Post-Graduation Plans Projected by Certain^ 
Associate Degree Engineering Technology Students. 



Post-Graduation Plans 



Students Stating PI an - 



Number Percentage 0 



ERIC 



To seek employment* 




671 


54 


To continue schooling 




399 


32 


To enter military service 
Other b „ 


93 


7 




52 


4 


No response 

** 




26 


2 



a Includes continuation of present employment for some who were 
al ready empl oyed . ^ 

^Includes employment on full-time basis for some who are now 
employed part-time or are attending school under a cooperative 
program; al sp, 1 ncl udes some who exptct to bejln a private business 



c poes not add to 100X because of rounding. 

) V 
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TABLE 51\- -Further Schooling Plans of Certain Associate Degree 
Engineering Technology Students Who Project Plans 
for Additional Education Immediately After Receipt 
of Their Associate Degrees. 



Projected Future Major 



Number of Students Planning 
Future Study in Various Environments 



Same Di f ferent • Out-Of-State 

Institution Institution, Institutions 

Same State and no response 



Total 



Engi neeri ng l 8 

Engineering Technology 17 

Other 1 1 

TOTALS 46 



60 
144 
34 

238 



20 
33 
50 

103 



98 
194 
95 

387 



strongly supported by reference to individual questionnaires; the 
in-state existence of an institution offering baccalaureate engi- 
neering technology programs greatly influences the tendency of assoc- 
iate degree engineering technology students to pursue further education. 
A substantial nuinber of the students who Stated plans to pursue a» , 
baccalaureate degree in engineering technology were students in states 
where such programs had been recently inaugurated; no such* general- 
ization was possible for students planning .further study in engi- 
neering or other disciplines. 



Student Satisfaction with Programs 

Students in the sample were requested to express an opinion on 
how well they felt their programs of study were providing preparation / 
for their chosen careers (see Questionnaire Item 21). The responses 
were predominantly positive: 38 percent of the students felt they 
were being "excellently" prepared; 55 percent felt they were being' 
"adequately" prepared; 4 percent feOLt they were being "inadequately" 
prepared; and 3 percent did not respond. The data are shown in 
Table 52. Approximately 93 percent of the sample expressed satis- 
faction with their educational experience^ In addition, more than 
one-fifth of the students added "free response" comments in their- 
evaluation of their programs. * The most frequent positive comments 
were that "the curriculum is excellent" (49 made this or a similar 
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TA^LE 52.-- Student's, Percept 



Engineering Te&hnol 
IntferTOd Careers. ^ 




w dy Well their Associate Degree 
rograms w^re Preparing them for 



— — . 


* * 






fteting of Program 




F req ue ncy 


of Response 


r 




Number 


Pe ptentage** 


*** Excellent 
Adequate 
Inadequate 
No Response 




^7 

681 
53 
40 


^ 38 

55 • f 

'4 

3 • 

t 






statement) or that M the faculty" members are excellently qualified" 
(27 made a statement of this nature); ^8-8 positive comments werl 
made. On the^ other hand ? a variety of wea^kjiesses were perceive*! 
by the 18 2 students Vho made negative comments. Most frequently, 
a specific curriculum area was criticized : "thenhysics course is 
weak", "there is not enough coverage in mathertfl^Hpl, and "the 
statics course did not prepare me for ' strength^^^ere typical 
comments. The second most common criticism was_ a "lack'* of practical 
mphasjLs"" in one or mpre curricular areas. Some students also 
eg'istei>ed dissatisfaction with "irrelevant subjects" and "insuffic- 
ient?* detail in certain areas'." A number of cithers expressed tfhe 
opinfo?^4^t their programs were "too crowded" or "too fast in, pace"; 

thers suggest-ed that "two years are not long enough to cover" What * 
J \hink I need'." Miscellaneous comments on faculty members, lab- 
oratory equipment and facilities appeared to a minor jg^ent. 



9 



Desired Work" Environments 



•Students in the- sample were asked to express a preference for 



S 

xpr< 



the type of environment in which they would, work if they ' had a ' 
choice^ (see Questionnaire Item 23). These "preferred future environ^ 
ments"' were compared with the "environment of origi^' ,* ascertained 
as part of the socioeconomic dat$ on these students {see Questionnaire 
Item 22 and the earlier discussion herein) ; "1116 cases -cobld^ be 
•nalyze^i with the following results^: 
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441 students had come from a' relatively "small"* ^me 11 
environment (a farm or rural area, a small town, a v 
large town) . 

67 5 students*had come from a relatively "^arge" home 
environment (a #mall 'city , a large city, a major 
. metropolitan area). ^ * . 

252 ( 57 percent ) of those* originating in "small" environments 
would prefer a "small" work* environment . 

189 (43 percent) of those originating in a "small" 

envirorfment would prefer a "large" worfc environment. 

541 (80 percent) of those originating in a "large" 

environment would prefer a "large" work environment. * 
■ * 

134 (20 percent) of those originating in a "latge" 

environment would prefer a "small" work environment-. 

If a "migration by preference" were to occur, than 730 students in 
this* group of 1116 would be working in a "latfge" environment and 
only 386 would-be working in a "small" envirortmept . Such a migration 
would represent a shift from low*-density "to high-density population 
centers of approximately 5 percent of all technically educated 
individuals. Although both the munber of individual's involved and 
the percentage of population so shifting seem sm)rfl , the value is 
statistically significant wtl'l beyond the .001 confidence level, 
and indicates strongly that technical education is a route toward 
urbanization of the population. This is not an unexpected trend, 
but is, nevertheless, one with perhaps serious implications. 

Summary 

If it is assumed that the sample of ]^41 associate degree engi- 
neering technology students included in this study is representative 
of the population nationally of such individuals ,- then certain general 
izations can be stated^^These generalizations are given in the 
.following paragraphs. 

Students in associate degree engineering technology curricula 
are typically males who are 19-21 years old, although an appreciable 
number of older students enroll in such curricula. 

■ I j yl ividuals^ from ^rural areas and small towns often select engi- 
neer?^ technology programs; the. proportion of engineering technology 
students with such backgrounds is appreciably greater than their 
representation in the population as a whole. Engineering technology 
Students are more Likely to come^rom families with monthly incomes 

137. 
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above the national mean, and\are likely to have &&ker3>*iho were 
craftsmen, skilled workers, technicians, supervisors or foremen or 
in some manner related to technical fields. 

Che JI^LLneering technolfgy student most probably graduated 
from high school, but is likely to have ranked academically Tn the 
second or .third quarter of hi& class. He is likely to hav^ had four 
or more years of high school mathematics and there are three ahandes 
in four that he.£ad a physical science (chemistry or physici or both) 
in high schojp^fl |>ere is about a 50 percent cXance that ^ie has , 
studied drafting in high school, but he is 1^'ss' likely to\ave en- 
countered industrial arts or vocational-technical subjects. 

J v / 

a class of \engineering technology students, one in five will 
* have^fransf ered from another college and one in four will have changed 
*hisj/major. (Those transfering and those changing major are oftefi; 
grofcips^ duplicating each other to a great extent.) Most likely, the 
previous selection of those who have changed major ^is engineering, 
.and 'the reason for the change is likely to be stated as a ^'change in 
interest" or a "reassessment of academic ability." . * 

v V 

The engineering technology student probably made his choice of 
college on the basis of the institution's location'and costs, although 
the reputation of the school had some influence. He is apt to be 
"reasonably certain" that he wants eventually* to enter technical 
employment, but he is likely to have made such a career decision 
fairly late, either in senior high school or after working for a 
period. Hi|^Arsonal interests and work experience were major 
factors a^Jf^ncing his choice. 

Engineering technology students most frequently plan to seek 
employment a£*€r receiving their associate degrees, but nearly one- 
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third plan^to continue schooling, usually to work toward a baccalau- 
reate degree in engineering technology. There are some indications 
that the availability within the state of a Baccalaureate technology 
program is related to students' plans to pursue further education-. 

Students are Satisfied with the preparation they, are receiving, 
although they nay perceive minor weaknesses. 

Engineering- technology education appears to result in urban- 
ization of the society,,, since students in general express a pre- 
ference to work in an environment with a, greater population density 
than that from which they came. 

9 

/ 
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CHAPTER 8 



ENGINEERING TECHNICIANS ON THE JOB 
A STUDY OF ASSOCIATE 
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CHAPTER 8 



. ^TTuffTEERING TECHNICIANS ON THE JOB: 
\ * A STUDY OF ASSOCIATE 

DEGREE GRADUATES 



Ffit* paper ii the report of a study of a ^elected sample of 
recent graduates from associate degree engineering technology cur- 
ricula. It includes analyst of the job titles and salaries assoc- 
iated with the first jobs which the graduates accepted; it summarizes 
some data dealing with factors which influenced these graduates in 
their original colleg& and Career decision; and it describes the 
employment of these graduates in terms of the frequency of performance-^ 
of certain tasks* Where differences ^n employment characteristics-- 
by technical specialty and by geographic region- -are identifiable, 
such differences are discussed. 



* Procedure and "Sample 

A questionnaire (see Appendix F) was used to elicit data for 

this study of the recent graduates of associate degree engineering 

technology curricula. .The chief investigator had selected and 

' visited certain institutions which offer such curricula to^s-eeh 

participation in the study. These institutions were requested to*" 

select a representative sample of their graduates of the paet 18 

months, mail a questionnaire and a return envelope to each member - 

of the sample \ receive the completed and returned questionnaires , 

and forward the completed questionnaires "to the chief investigator. 

Individuals were not identified on the^completed questionnaires, but 

some of the participating institutions developed follow-up procedures 

to enhance rfthe return of instruments from their graduates. Summary 
f * . - 

and analysis were the responsibility of the chief investigator; how- 

«. ~ 
ever, some institutions extracted data ^or their own use before for- 
warding the instruments and others supplemented the questionnaire 
witlT additional items. , . 

Originally, 24 institutions were requested to participate in 
the study. Two of thesew however , lacked graduates, having only 
recently inaugurated engi^ering technology programs ; one lacked 
a file of addresses of its graduates; and three were not able to 
participate for other reasons. Two institutions submAfced recent 
data which were comparable to that being requested but which were 
formatted dif fervently . Ultimately, sixteen institutions participated. 

__ - mi 
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More than 700 questionnaires were returned, but not all were 
usable; rejections occurred if Jfte respondent* was in school or the 
military service, or if his employment cou^ld not be classed "first 



6£t 

:lks 

job or first 18 months," thJb category selected for study. Only 412 
questionnaires were finally included. « 

Since the sampling .procedure was developed by the participating 
institutions, no direct information related to the representativeness 
of the sample is availaBle. Certain indirect evidence, however, 
supports art assumption ,that the sample reasonably represents the pop- 
ulation being studied. 

First, the distribution .by geographic region for these graduates 
is similar to that found for students in a previous study.* Table 
53 shows these relationships; \t can be noted in the table that the 
"Percent of Total" columns foi^Students and Graduates differ by no 
more <:han three percentage points. 



TABLE 53.--Compari son of Distribution by Geographic Region of a Sample 
of 1241 Students and a Sample of 412 Graduates, Associate 
Degree Programs in Engineering Technology. 



Geographi c 
Region 



Students 



Graduates 



Number 



Percentage 
of Total 



Number 



Percentage 
of Total 



Northeast 252 20 y 75 18 

Southeast 375 30 1 30 32 

North Central 118 , 10 51 12 

South Central 1 241 20 69 17 

West 254 2CU 87 21 

TOTAL 1 ,241 ■ c 412 



Second, the distribution by technical specialty of trte grad- 
uates in this sample does not "differ markedly from that nationally. 
Table 54 displays the data. The tabre indicates that graduates in 
Civil Engineering Technology- are somewhat over-represented in this 



c 



1 See Chapter 7, herein, and Jesse J. Defore, "Characteristics 
of Engineering Technology Students," Engineering Education, April, 
1971, pp. 844-46. 
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TABLE 54. --Comparison of Distribution by Technical Specialty of a Sample 
of 412 Graduates and a National Sample of 18,808 Graduates, 
Engineering Technology Gurricula. ^ 



% 

Te chn i ca 1 Speci a 1 ty 

* s 


Degrees 


Granted, 1969 a 


Graduates 


in Sample 


Numbed 


Percent of 
Total 


Number 


Percent of 
Total 


Civil 


1 ,747 


9 


64 - 


1 5 


El ectr i cal 


8,251 


44 


1 39 


34 


Mechanical 


3 ,315 


18 


91 


22 


, Other 


5 ,495 


29 


118 


29 


TOTAL 

7 


18,808 




412 

» 


* 



a Data from John D. Alden, "Technology Degrees, 1968-69," Engineering 
Education, January, 1 970 ; see Table 2, p. 411. 



Electrical Engineering Tec: 
5 or. e what uncer-represer.tec. 



.elegy (;:,. 
This bias is 



nany electrical/ elec trcr.lt s graduates r.aticr.ally 



specialty only; no ir.sti- 
this type , hence , the 



sanpie while graduates i: 
eluding Electronics) are 
net unexpected 

cone from institutions which offer this 
tution participating m the study was d; 

research design itselft tended to diminish the proportion of elect- 
rical/electronics graduates available for study. .ni; 
representation is rrot believec to affect results seriously, 

And third, certain detailed findings related to salaries (to 
be discussed in a later section of this chapter) correspond closely 
with results of an independent survey conducted recently by the 
Engineering Manpower Commission 



ion or e^ect- 
5 mi no rounder- 



Analysis of Fesuits 

The responses to items on the questionnaire are reported and 
analyzec in the following sections of this report. 

In the analysis of the data, summary statistics were computed 
to describe the characteristics of these ' graduates and their employ- 
ment. In addition, the data were examined /or internal variances 
which might be attributable to either (1) the geographic region in 
which the participating institution was located, or (2) the technical 
specialty or the curriculum the graduate had completed. For conven- 
ience, five geographic regions were arbitrarily selected: Northeast, 
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Southeast, North Central, South Central, and West. These are indicated 
roughly on Figure 11. A preliminary investigation revealed that 15 
different technical specialties were reported by the respondents, but 
that three--electrical/electronics , mechanical, civil--accounted for 
more than two-thirds of the sample. Other technical sgpcialties 
(drafting and design, chemical technology, air conditioning technology^ 
aeronautical technology, computer technology, and the like) appeared 
with individual frequencies too small for meaningful an'alysis} so 
were combined into a single category, "other." Therefore, four tech;- 
nical specialties only were employed. Data on the Graduates were 
appropriately assigned to twenty cells (five "region" categories, 
four "technical specialty" categories) for analysis purposes. Figure 
12 shows the resulting M N-natrix^ i.e., number of graduates assigned 
to The various cells. The analyses in subsequent sections are based 
on this matrix, with adjustments for non-respondents when necessary. ± 



FIGURE 11 .--Geographic Regions 
Selected for Study of a 
Sample of 412 Graduates of 
Associate* Degree Engineering 
Technology Programs 




Fegvon 

1 Northeast 

2 / Southeast 

3 North Central 

4 ' South Central 

5 West 



FIGURE 12.--DistribO.tion by Region £nd 
by Technical Specialty of a Sample 
of 412 Graduates of Associate Degpee 
Engineering Technology Programs. 



TechnJ ca 1 
Special ty 




i 


Reg ion 






1 


2 


3 -4 ' 


5 


U.S. 


Civil « 


2 


41 






• J 4^ 


^El ectri cfa 1 


24 


33 


13 38 


31 


1 39 


Mecha ni ca 1 


16 


32 


1 2__ 14 


1 7 


91_ 


Other 


33 


24 


26 J 13 


22 


118 


TOTAL 


75 


130 


-51 69 


V 


412 
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Job Title 

— / 

Item 1 of the questionnaire elicited the job title currently 
held by the graduates; 378 of the 412 respondents reported this 
information* The term "technician/ 1 with or without a modifier, 
appeared most often. Table 55 gives a summary of the results, and 
Table 56 lists some examples of specific titles in various categories. 
The numbers in parentheses in the body of Table 56 represent the 
frequency with which' a specific title appeared in the data considered 
nere. 

In addition to the examples listed in Table 56, graduates re- 
ported * a. wide variety of other job titles, including- the following: 
hydrclogical technician, quality control technician, technical ill-, 
ustrator, equipment designer , "traff ic engineer, resident engineer, 
safety engineer, testing analyst, too Imakejs^ estimator , teacher, 
surveyor, metallurgical investigator, ar.d programmer. 

Few inferences 'can pe drawn from these results. That 62 - ob 
titles out of 373 (about 16 percent of this sample) includec the 
term "engineer" may be disturbing to some, but employers apparently 
do not necessarily assign job titles which match the educational 
backgrounds of their employees as perceived by educators. 



TABLE 55. --Job Titles Reported try 378 Graduates of Associate Degree 
'Engineering Technology Programs. 



Category Number of-Graduates Key Word in Job Title 



Technici an < 

Aide, Assistant, Associate- 

Engl nee r 

Draftsman 

Mechanic, Electrician, etc. 

Manager, Supervisor, etc. 

Des 1 gner 

Analyst 

Technol ogi s t 

Other 



A, 108 

B v , 70 

D 46 

E 19 

F 18 

G 14 

H 9 

I 3 

J 29 



TOTAL 378 



* 
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TABLE 56. --Example &f Job Titles Held by Graduates of\Associate Degree 
Engineering Technology Programs. 



Technician 4 

Engineering Technician (27) 
Electronics Technici an (28} 
Civil Techni ci an (5) 
Instrument Technician (5) 
Laboratory Technician (5) 
Technician (6) 



D . Draftsman 

Draftsman (19) 
Design Draftsman (8) 
Senior Draftsman (2) 
Architectural Draftsman; (2) 



Aide j A88i8 tant 3 Associate 

Engineering Associate (18) 
Engi neering Ai de *"( 1 5) 
Engineering Assistant (9) 
Associate Engineer (5)" 
Assistant Engineer (7) 
Staff Assistant (4) 



Mechanic , Electrician > etc. 

Mechanic (4) 
Aircraft Mechanic (3) 
El ectri ctan (6 ) 
Maintenance Mechanic (1 ) 



Engineer 

Project Engi neer (12) 
Fveld Engineer (9) 
Sales Engineer (8) 
Cu roomer Engi neer (3) 
Junior Engineer (3) 



Manager, Supervisor , etc. 

Project Manager^ (2 ) 
Service Manager' (3) 
Construction Supervisor (1) 
Operations Supervisor (1) 
Foreman (3) 

PI ant Superintendent (1) 



Mean Salary 

Graduates were requested to report their monthly salaries, 
(questionnaire items 6 and 7). /Of *he 412 graduates in the sample/* 
hQ9 repoijted data. Figure 13 shows the distribution of data as 
reported. The meai^alary was estimated to be $688 per month for 
graduates who were in their first job or had been working for 18 
months or less. 

~ \ 

An effort was made to discover if differenced existed, by 
geographic region or by technical specialty, in the salaries paid 
to associate degree engineering technology graduates. Table 57 
shows the salary data for this sample. There are few statistically 
significant differences in these reported salaries,' for the differ- 
ence must exceed $35 to be significant here at the .05 confidence 
level. Those 'cells which do exhibit statistically significant 
v differences are marked with an asterisk-. The cells which have the 



-141- 



flGURE ^.--Distribution of Salaries Reported by 409 Graduates of 
Associate D.egree Engineering Technology Programs. 




U nder 
$500 



$501- 
$600 



$601 - 
$700 



$701- 
$800 



$801- 
$1000 



$1 001- 
$1 200 



Over 
$1200 



Monthly Salary Range 



TABLE 57. --Monthly Salaries Reported by 409 Graduates of Associate Degree 
Engineering Technology Programs, by Technical Specialty and 
by Region. 





Technical Specialty 






Rej i o n 








1 


2 


3 


4 


5 


US ' 


— r — 


Civil 

Electrical 
Mechanical 
Other 


525* 
694 
721 
670 


642* 

720 

677-* 

686 


770* 
770* 
678 


788* 
714 
692 
705 


646 
690 
666 
625* 


665 
706 
696 
672 




TOTAL 


676 


686 


723* 


712 


667 


688 





greatest deviation from the data mean are those of low N (see figure 
12); in these cases, sampling error alone could account for most of 
the variation. * 

Althougt^they are relatively small, certain of the variances 
among these salary data suggest questions." 

(1) Salaries in the western region appear slightly lower than 
elsewhere. Can this be a reflection of the large number 




0 



of junior colleges, on the west coast and a 'concommitant 
larger "supply" of technical manpower there? 

* J 

(2) Civil technicians appear to command slightly lower salaries 

(except in the Sduth Central region). Does this reflect 
the pay scales of state highway departments, often the 
civil technician's first employer? 

(3) Salaries^in the North Central region appear somewhat higher 
than In other areas. Does this represent high manpower 
"demand," occasioned by a paucity of technical programs 

in that region? Or is this slightly higher salary a * 
reflection of the general economic, and industrial conditions 
in this region? 

The mean ninthly salary ($688) reported in, 1970 by this sample ' 
of 409 graduates is equivalent to about $8260 per year. This figure 
may be compared to data obtained by the Engineering Manpower Commission 
slightly earlier in 1969. 1 EMC reported, for 1143 technicians who 
had been on thfe job two years, a mean annual salary of $76 50 and an 
upper quartile salary of $8250. T.Hat the mean salary reported here 
($8260) is 8 percent higher than the mean reported by EMC ($7650) 
may be related to several factors: (1) a bias of this sample created 
in the selection of participating institutions; (2) a bias created by 
the respondents (those with 'higher salaries tend to respond in a 
greater proportion to questions .aljout salary); (3) general increases 
in salary levels between 1969 and 1970; and (4) sampling error. That 
t>ese sets of results are in reasonable agreement lends support to 
the assumption of sample validity. 

Age 

Graduates* reported their age (Questionnaire Item 8). The distri- 
bution of ages as reported is shoyn in Figure 14, for the 412 graduates 
in the sample. The mean age. is e&timated to be slightly less, than 
25 years, the median, 24 years. In previous research (see the re-/ 
suits reported in Chapter 7), the most frequently reported age of 
students in associate degree engineering technology programs was 
found to be 19-20 years. Assuming two years as the duration, of an 
associate degree program, students can be predicted to graduate at 
20-22 years of age, and to be initially employed (i.e., first job or - 



Engineering Manpower Commission of the ^Engineers Joint Council 
Salaries of Engineering Technicians s 1969 s The Council, March, 1970. 
See salary data*, p. 19, for "Graduate Technicians, Associate Degree, 
Entire U.S." 
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FIGURE 14, 
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firfct 18 months after graduation) at 28-24 years of age, with 23 
yearns being the predictable mean. That the- results here show a mean 
age slightly higner than the predictable mean may imply one or more 
of the following: (a) there was a different pattern of attendance 
by age groups two years ago than that which -prevails cyr^ntly; (b) 
the mean age of graduates is higher than t/he predictable mean age 
because of interim military service; (c) the presence in this sample 
of a few men 35-50 years old has biased the results; or (d) an 
appreciable number of students whe attended part-time, and hence 
required more than the predictable jtwo years to graduate, have ^ 
affected the results. / 

. . . . / 

The distribution of graduates? ages by region and by technical 
specialty is shown in Table 58, wh|ere cells with statistically sign-*' 
ixiflfen>t differences are marked wijh an asterisk. The ta^ble reveals 
that technicians in Region 1 ( the/ Northeast ) are younger than their 
counterparts elsewhere in the coiptry. 
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TABLE 58. 



-Distribution by Region and by Technical Specialty of the 
Ages (Means) of 412 Graduates of Associate Oegree Engineering 
Technology Programs. 

\ 



' T~ 

Special ty 






Regi on 






i 


2 


3 


4 


5 


US 


Civil 


22* 


24 




25 


25 1 


24 


'flectri cal 


23* 


27 


25 


27 


27 


26 


Mechani cal 


22* 


24 


24 


25 


25 


24 


Other 


22* 


27 


.24 


23 


23 


24 


1 TOTAL 

i 


22* 


25' 


24 


26 


24 


/ 25 



Educational Experiences Since r 
Graduation 

Graduates reported on the educational or training experiences 
they had completed since graduation or in which they were en&aged** 
at the time of response (Questionnaire Items 9 and 10). Summary 
results are given' in Table 59. Many respondents listed more than 
one kind of further education experience, so that total frequency 
in Table 59 is greater than the size of the sample. 

It can be noted that in-service or on-the-job training was 
given by the employers of approximately two-thirds of these graduates, 



TABLE 59. 



"b! U J a sl!IlI if?y?l" S f Experience, Since Graduation Reported 
by a Sample of 412 Graduates of Associate Degree Engineering 
Technology Programs. ' nng 



0 1 B 

I 



* Kind of Experience 


> 

- Frequency 
Number 


of Response 
Percentage ' 


In-service or on-the-job training * 
provided by the employer 


268 


65 

ft 


Courses in public or private schools 
arra/iged for and paid for by the 
employer * 


57 


14 


Courses in public or private schools 
selected by employee but paid for-- 
wholly or in part — by the employer 


•82 


20 


Courses 1n public orprivate schools 
at the employee's choice and expense 


91 


22 ' '. 

* * 
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^and. about ,1 out of 7 graduates attended courses which w|re arranged 
for and paid /or by their employers. No pattern of differences by 
reg'iorT or discipline were apparent! when the raw data were analyzed 
in detail. * * 

Approximately 20 percent of these graduates attended courses 
paid f$r, at least in part, by their employers; detailed analysis 
indicated that this fringe berfefit wa^ somewhat less^ available to 
civil technology graduates and to graduates from instihrtions in 
the West. 1 , * 

Slightly more than* 1 in 5 of the graduates reported attending 
school ^t their own expense; no differences by region or specialty 
were a^PJrent. 

. It is interesting to examine the total frequency of the two 
middle items in Table 59; this combination represents the frequency^ 
with which employers of technicians had made some contribution to the 
f urthe^^jafction of their employees.- Approximately 34 percent of 
/the tecnnleians in this : sami*f^ reported such to be the case, although 
it was noticeably less so fo^r Civil technicians when data for thej 
gra^iate^ were examined separately. |_ 

The graduates were also asked to state the purpose of any 

further educational or training experiences they had under^ne sir^e 

graduation. A summary- of the responses ^Jfe-given in Table 60. Many 
graduates, of course, made multiple*responses ♦ 

Approximately one-third of the gra'dUates in the sample received 
orientation and instruction in companyepolicy ; slightly more than 




TABLE 60. --Purposes of Further Education Report^ by 4y Graduates of 
Associate D agree Engineering Technology Programs. 

u U , 

Frequency of Response 
. Purpose' of Education or Training Number * Percentage 



Orientation and instruction ,i n ccfmpany policy, 1 4 S 35 

Acquiring knowledge directly needed on job 222 -54 

Acquiring skills directly needed on job 1 45 35 

PreparAjon for' advancement to a higher ' • - 3Q 
position 

Expectation af seeking another position 33 g 
and employer 

Self-Improvement only 64 16 



\ 
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one-half required further knowledge directly needed on the* job; and 
about one-third needed additional skills for their jobs. The Civil 
technology graduates in" the sample reported the purpose of acquiring 
skill less frequently than others; apparently the 1 skills they need 
for the first job (surveying, drafting, etc.) are well covered in 
their associate degree programs. Graduates in the North Central 
region tended 'to report the purpose of skiy. acquisition more 
frequently than other graduates; jone can - con j ecture that the nature 
of the school environment and the work environment may match less 
well in this region than in other3. 

About 30 percent of the graduates reported they had pursued 
further educational expediences in order to prepare for a higher 
positron; 8 percent rep^S^ed the. expectation of changing* both their 
employer an<3 their job: Thesl results imply the existence/of both 
a potential for fairly rapid ^omotion to positions beyohd^those 
available for entry and a r^markabJ^y stable technical work force 
for the first 18 ^months , of , employment . 

0n« graduate in six reported further education for personal , 
improvement purposes only. This statistic raises several questions: 
Does -such continued study represent a desire on the par/t of associate 
degree graduates to sesk the higher status that an added degree might 
bring? Dpes it perhaps merely reflect an enthusiasm for learning 
acquired during the process of acquiring the associate degree? 'How 
well is this statistic (16 percent of associate degree graduates) 
a measure of the national "continuing education" market? Or is this 
response a convenient one to disguise other motivations? No answers 
are available, and further research is indicated. + 

Career Decisions ^ 

Graduates were asked to respond to a question related to the • 

time of their career decisions (Questionnaire Item 11)-. Tables 61 

and 62 display summaries of the responses, with distributions by 

technical specialty and fc>y region. . Entries in the tables are the 

percentages off graduates df each category which gave the indicated 

response; entries ^io not add to 100 percent because some graduates 

.did not respond. The entries in tn"? table suggest (1) that civil 

technology graduates perhaps were more likely to have made career 

✓ 

decisions in high school , whereas graduates from most curricula 
delayed that decision until they were in college, and (2) that 
students in the northeast region were more likely to have made - 



-147- 



TABLE 61. --Time of Career Decision Reported by 412 Graduates of Associate 
• Degree Engineering Tech-noldgy Programs, Showing Percentage 

Distribution by Tech n i ca V Spec ia 1 ty . ' „ 

» « 

? 



T i nie of Career Decision 

Technical 

Speci al ty 



Before During * While in While 

High School High School College Employed 



Civil -3 

Electrical 8 

Mechan i ca 1 4T 

Other • 5_ 

TOTAL 6 



44 30 20 

24 40 21 

21 54 11 

36 43 12 

30 — 4? 1 6 



TABLE 62. --Time of Career Decision Repor*Cd"*ByT1 2 Graduates of Associate 
Degree Engineering Tec hno 1 ogy ' Programs , Showing Percentages 
Distribution by Geographic Region of United States. 



Geographic 
Region 



Time of Career Decision 



Befo re 
High School 



During 
High S^iool 



While in 
Col 1 ege 



While 
Empl oyed 



Northeast 4 

Southeast 3 

North Central 9 

South Central 7 

West 8 

TOTAL U.S. ~T 



47 
37 
16 
23 
16 
30" 



31 
42 
59 
35 
47 



42 



1 1 
14 

16 
25 
22 



early career decisions. It is interesting that few graduates, 
only 6 percent of the sample, reported having made career decisions 
before their high school years. 

Factors of Influence 

Graduates were asked what factors thfey perceived as having 
influenced their career decisions (Questionnaire Item 12). A 
Summary of .responses is shown in Table 63. Some graduates listed 
several factors, so the sum of percentages in the table exceeds 



*0 
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TABLE fr3. --Factors Cite^ as Having Influenced the Career Decisions. 

' of 412 Graduates of Associate Degree Engineering Technology 
Programs. 



, ^^__^> - 




Factor 


- Percentage of Graduates 
Ci ting .Factor* 



Influenced by father or other members of 
family in similar occupations 




20 


Influenced by someone, other than a relative, 
in the occupation 




32 


Influenced by a high school teacher or 
ccruaselor 




15 


Developed- an interest while in Another job 




24 


Developed an interest from articles and 
advertisements in newspapers, other media 




11 


Other (military service, etc.) 




1 7 



a Total exceeds 100 percent because of multiple responses by some graduates 



100 percent. It may be important that approximately one-half of 
these graduate/ listed the influence of some person (relative or 
non-relative) in the £ame or a similar occupation as having affected 
their career decision; the influence of high school teachers or 
counselors was cited appreciably less often. 

These gradates were also asked what factors hted influenced them 
in their choice of institution (Questionnaire Item 13). Table 64 
shows a. summary of the responses. As shown in the table, factors of 
"location" and "cost" were mentioned much more, often than any others; 
it is interesting* that "information from friends" was cited more 
frequently than "advice from. parents" or "advice from high school 
counselor." The responses from this sample of graduates were some- 
what similar to the responses from a sample of students studied pre- 
viously. Table 65 shows- the relationships between the two sets of 
data. A possible inference to be drawn fr\iTable *65 is that students 
currently enrolled in associate degree engineering technolog^^^r- 
ricula were, in selecting a college, even less influenced by oTher 
persons than were their immediate predecessors. The implication f or % 
guidance is .that information on schools should reach directly the 
students to be recruited. An alternative inference is that location 
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TABLE 64. --Factors Cited as Having Influenced the College Choices of 
412 Graduates of Associ ate • Degree Engineering Technology 
Prog rams- 



p act0 Percentage of Graduates 

Citing Factor 9 



Location 63 

Costs * 42 v 

Advice from Parents 10 

Advice from higii school counselor 21 

I nformati on from friends ■ 32 

Publications of Institution*. 32 

Other 11 

a Total exceeds 100 percent because of multiple responses, 
J 



TABLE 65*. --Comparison of College-Choice Influences, Recent Graduates 

, and Current Students, Associate Degree Engineering Technology 
Programs. 



Factor Influencing Percentage Ci ti ng Factor 3 

■ College Choice Graduates Students^ 



Loca tion 


63 


63 


Costs 


42 


43 


Inf 1 uenc'e of parents , 


31 




Teachers , etc . 


i^2 


Influence of friends 


32 


19 


Other 


. 43 

i 


45 



^Totals exceed 100 percent because of multiple responses 
^Adapted from Table 47, chapter 7, herein. 



and costs have become such major considerations in choice of a college 
that other 'factors have assumed relatively unimportant roles. 

Satisfaction with Education 

The ^graduates in this sal^le wre asked their opinions about 
how well their educational experience had prepared them for their 
first employme^ (Questionnaire Item 14). The responses, by tech- 

us; 
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nical specialty of the .graduates are summarized in Table 66, where 
entries are the percentages of graduates of each categofy giving 
the indicated responses. As can be noted in the table, few (only 
5 percent of the sample) perceived themselves as "inadequately" 
prepared for their first employment. About 4 2 percent % of the sample 
stated they were "excellently 11 prepared for their first job, the 
remainder (slightly more than half) racing their preparation as 
adequate. Civil technicians, as a group, were the most enthusiastic, 
nearly two-thirds' rating their programs e^s excellent; mechanical 
-technicians gave slightly less positive ratings than the other groups. 
If the percentages for "excellent" and "adequate" are combined, then 
about 94 percent of all graduates had judged 'their educational 
experiences tp be adequate or better for their first job. 

An analysis of these responses i>y geographic region was also 
made, but no significant differences in response pattern were 
detected . « 



TABLE 66 .--Perceptions of 412 Graduates of Associate Degree Engineering 
Techhology Programs on the Adequacy of their Education 







„ Techni cal Special ty 


Percanta^e^of Graduates Giving Rating 


Excellent _Adequate Inadequate No Response 



Civil 


642 


33% 


Q% 


3% 


E 1 e c t r i w 1 » 


39 ' 


58 


3 


0 


Me c h a n i c 1 a 1 


« 41 -<f 


49 * . 


8 


1 


Other 


33 


58 


8 


1 


- TOT/fl. 


42x 


5H 


"If 





» , 9 

Job Activities of Graduates 

Item 15 of the Questionnaire sought to elicit data "from which 
an analysis of technician's job activiti-es might be made in terms 
of the frequency of performance of certain tasks. ?he tasks considered 
were defined on the questionnaire instrument itself (see Appendix F). 
Respondents marked the frequency 'with which they performed each task 
as "About once per "month," "About once per week,"' or "Daily cr nearly 
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so." 1 Only 299 of the 412 graduates in the Original sample completed 
this item satisfactorily; thus, a sub-sample of 299 graduates, dis- 
tributed by technical specialty and by region as indicated 4 in the 
N-matrix of* Figure 15, formed the data base for the analyses which 
appear in this section^ 



FIGURE 1 5 .--Di s tri bu ti on by Region and by Technical Specialty 
of a Sub-Sample of 299 Graduates of Associate Degree 
Engineering Technology Programs. 



Tec hm ca 1 
Spec i a 1 ty 


Region 


i 


2 


3 


4 


5 


U.S. 


Civil 




20 


- i 3 

1 




10 


33 


T 

Electrical 


23 


1 

14 


1 2 


40 


22 


1 1 1 


Mecham cal 


12 


18 


7 


12 


12 


61 


Other 


30 


14 


23 


12' 


1 5 

j 


94 


J TOTAL 


65 


66 


42 


67 


? 59 


29 9 V 



PeCuCtior. of data for 



tern ir.voiv* 



> <4_u. o w i r. g 



(1) assizr.ir.j 



'aw cat a to tr.e appropriate ce„s as imc. ^ied 



by the N-Matrix of Figir< 



(2) tallying oy cell the "mcr.tr.^y , : 



:rrr.ar.ce rate frequencies wnicr. were repcrtec, 



(3) c 



; tasK scores lor each :e.. by 
evaluating the montnly , weekly and caily performances 
respectively at one, three and five times tr.eir freq- 
uences and then s ^mr. l n g these results, 

( ^ ) dividing the weignted task scores fro^ step ( 3 ) cy 
the corresponding cell sizes to obtain a "tasx ^' 
performance index v ^ 

(5) assigning each task and its val^e of tas* performance 
index to a ''task Cluster" (see Table 67 for a- listing 
of tasks by cluster) *, 



^Performance frequency categories' of "Never" and "Less than 
once per month" also appeared; the responses "in these categories, 
however , proved tyt to contribute to the results and rence were net 
used in the analysis. In addition, estimates of time spent per 
week on each task were requested; these responses were also rejected 
from the analysis because of internal inconsistencies in most of 
the questionnaires returned. 



1 
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TABLE 67. --Tasks and Task Clusters Associated with the Jobs Held by Engineering 
Technicians, as Adopted for a Job Activity Profile Analysis' 





Task Cluster 

/ 




• 

Task* 


1 


Desi-gn Related Tasks 


1 . 


Analysis 






2 . 


Deri vation 






3. 


D e s i g n 






4 . 


Design Assistance 


2 


. Development Related Tasks 


1 . 


Building Things 




A ' 


2 . 


Data Recordi ng 




w 


3. 


* I ns t rumen t a t i on 






A 

4 . 


Experimentati on 




c 

0 . 


Eval uation 






C 

0 . 


Reco mm ending Modifications 






7. 


Per f o rmance Tes ti n g 




* * 


8. 


Materi al s Tes ti ng 






9. 


Rel i ab i 1 i ty ^ 




uraTLing Keiaiea laSKS 


i 

I . 


Check Drawi ngs 






Z . 


Draf ti ng , des i gn 






3 . 


' Draf ti ng , detai 1 






A 

4 . 


Draf ti ng , 1 ayout 


4 


Geodosy Related Ta.sk.: 


i . 


Mapping 






2 . 


Survey i ng, Instrument Man ' 






3 . 


Surveying, Rod Man* 


5 


Supervision Related Tasks 


' I. 


^Communi ca t i ons 






2 . 


Coordination ,N 






3. 


Expedi ting 






4 . 


Planning and Scheduling 






5 . 


Supe rvi s i o n 






6 . 


Training 






7 . 


Writing Change Notices 






8 . 


Writing Standard Practices 




Process Related Tasks 


" 1 . 


Man uf acturi ng 






2 . 


Process ' Control 






3. 


Inspection, Qyality Control 






4 . 


Methods, Quality Control 






5. 


Methods , Produc ti on 






6 . 


PI ant Layout 


7 


Equ i pment Rel ated Tasks 


1 . 


Operating 






2. 


Ins tal 1 a ti on 






3. 


Calibration and Adjustment* 






4.- 


Inspection, Mai nte nance 






5. 


Troubleshooting 






6 . 


Repai r 






7-. 


Modif i catidn 



T. Cost-Sales Related Tasks 7 

i 



~T~. Cos t Es timati ng . ~ 

2. Quantity Estimating 

3. Writing Specifications 

4 . ' Purchasing 

5 . Writing Propos al s 
'6. Marketing and Sales 
7 Customer Servi ce 





Reporting Tasks 


rr 


Verbal Repo rts 








2 . 


Wri ti ng Reports 




10. 


Other 


1 . 


Company Tra i n 1 ng 








2 . 


Prog rdmmi ng 








3. 


Technical Publ i cations 





ERIC 



For definitions of tasks/see Appendix F 
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• (6) computing the mean of the values of the task perform 
' . mance indices for the tasks within* each task cluster; 

(7) plotting all the values of task performance index 
'from step (5) and task cluster mean from step (6) to 

obtain a "-job activity profile"; and 

(8) comparing the resulting diagrams for each cell in an" 
effort to detect any differences in job activity 
profiles which could be related to the technical 
specialty or the geographic region of the graduates* 

The data are presented in Table 68"; a discussion of some of the nesults 
follows: 

i 

Job Activity Prcfi ies . --Figures 15, 17, and IB show job activity 
prefixes by technical specialty for graduates of associate degree 
curricula in civil, electrical/eiectrorfics, ar.c mechanical engineering 
technology, respectively; Figure. 19 is a profile for graduates from 
all other curricula ar.c Figure 2 C is a composite jcb activity profile 
for all graduates in this sub-sample . of 2 93 men. On each figure, values 
of a "tas* performance index." (definition supra) are displayec as * 

9 



FIgURE 16.-- Job Activity Profile for Civil Engineering Technicians 
in -Entry Level Jobs 




Tasks by CI uster 




TABLE 68. --Task Performance Index Values by Specialty and By Region For 
Associate Degree Technicians in Entry Level Jobs* 



Tisk 
Clvsttr 



Ttsk 



C1 v1 1 



Eltctrlcil 



Ttchnlcil SptcUlty by leqjon 



5 US 



US 



Hectunl c*1 



US 



Other 



All 

Technicians 



US 



2.4 1.7 
.6 2 7 
2.0 1.0 
2 2 13 



.8 1 
1 1 
8 1 
8 

. 5 
8 1 
6 1 
3 



TT 

7 



1 4 

21 



^TT 
,2 8 - 

; 1 8 7 

I 2 0 2 7 



1 .8' 2 4 1 
8. .6 

1 8, 1 4 1 • 

2 1 j 2 1 

73T 



2,5 1.912 
2.1 3 
7 .8 8 
.7 1 0 



1 9 

3 

r o 

9 



i * m 1.7 rg 



1 6 2 2 2,9 2 6 2.8 2 4 2 

9 J 1 5.5 6 

19 3.7162.714 25*1 

1-1 2-4 -1 1.6 1.1 ).6h 



1 5 1 
1 3 
.4 1 

1 1 1 
6 

2 6 3 
2 



1 .4 
2.2 
6 
6 

1 8 

7 
8 

7 



.8 2 0 
.7 2.9 



3 1 
.8 1 

3 2 
1 8'1 

4 1 
3 1 
1 



4 

5 . 
8- 
3 
4 

7 
2 

7 



3.5 
6 

1 4 

.9 



T 

1 8 
.6 

3 6 

2 1 
1 1 

2 
2 
7 



1 6 3 3 2 3 2 
6 - 

.2 2 1 ,K 

6_Ji jj 



7 

1 3 
1 2 
7 



1 



TT 

3 3 

1 1 



TT" 
3 1 
2 0 
2 8 



TT 
6 2 



tt - 

3 3 
3 4 



8 2 

5 
2 

.4 



8 1 2 T 

2 6 4 

2 2 2 

: Z .3 



1 51 2 0 3 0 7 2 5 
5 1 1 4 I' 8 1 1 2 4 
2116 2 9 9 2 3 
Li -8 2-3 .5 2.2 



! « 

! 2 



TT 

1 5 
5 



8 

.5 
.5 



1 1 1 



TT" 

4 

5 
S 
9 
5 
9 



7 



2 

1 

'2 

.Q L 



TTT 

8 2 



0 1 



1.1 -1 



4 

.4 
2 
.6 



1 1 
7 12 .5 
.4 .1 
.2 



TT 
3 s 



TTT 



I 0 
6 

! 1 
4 

I 1 
.9 



TTTTT 

*l 7 .2 
3 1.9 1.5 

.3 1.3 6 
7 13 .9 

.5 - 



— ST 
2 8 2 
2 8 3 

2 0 3 



TT 
9 1 
9 

1 

7 1 

1 

9 



TT" 

2 7 

1 0 
9 



2 .0 
3 



.4 

1 7 
7 



1 



2. 4 



1 .1 



5 9 

7 ,9 

7 1 S 

9 1 5 

1 1 1 



6 

0 
6 
1 
0 
4 
1 ,1 



1 1 
5 



8 2 

4 2 

- 2 

7. 1 



1 0 
6 



8 1 .8. 1 .1 1 .1 2.2 



3 2 
2 

6 1 -0 



l 9 
5 

1 4 

1 1 

2 0 
9 



TT 

7 
7 



3 \ 

1 1 
0 1 
5 1 
8 1 

2 1 

4 1 



—TT 

8 

1 3 1 
1 4 
1 9 1 
5 

1 



511 



TT 

i 7 
1 9 
6 

1 1 
1 1 
1 0 



2 0 



2 

8 3 0 
TTT 
5 - 
2 - 



1 4 

1 1 



1 8 

-4- 1 



4 2 5 

,4 1 6 



TTT 

6j 6 2 
if 3 7 



10 19 1 7 
13 14 4 



"5 nr 

2 2 8 
1 2 - 



1 7 3 6 1 
9 2 6 



~3 3 nr 

i - i i - 



2 5 2 3 2 4 
2 119 14 



a For definitions of Task's and A Clusters, see Table 67, for definition 
of Task Performance Index, see^Txt, supra. 
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desci 



tive vaiie within the limits ncte H 
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vertical lines for each of 53 "tasks" -(definitions in Appendix F) in 10 
different "task clusters 1 ' (definition aupra , Table 67); in addition, 
task cluster means are shown on each figure. The resulting * prof iles 
indicate the relative frequency of performance of certain tasks by 
engineering techniciaj^ of various kinds in # entry level jobs. These 
profiles give some insights into the manpower utilization practices 
of employers , predict the job activit ies^Thich newly graduated tech- 
nicians may expect, and have some implications for educators. Some 
caution in interpretation is urged: the task performance index is 
only a quantitative measure, not a qualitative one; it may well be 
true that certain tasks performed very infrequently are the most im- 
portant ones in a technician's job description and the sfi qua non 
of his employment . These profiles, however, have important and use* 



Ccservatvona ok Frofi les . —Examination <5f Figures 16 througn 2C 
yells certain observations about the characteristics of tr.e entry 
level jobs which various kinds cf technicians have. Civil technicians, 



FIGURE 17^-Job Activity Profile for Electrical/Electronics 
Engineering Technicians in Entr*? Level Jobs 
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Tasks by Cluster 
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for example, show a high profile in drafting-related, <geodosy-related 

i 

and reporting tasks with limited activity directed toward tasks in 
the process-related cluster. % Electrical/electronics technicians, on 
the other hand have a high profile in equipment-relate^ tasks, a mod- 
erately low profile in most areas, and — predictably — a feero profile 
in geodosy-related Tasks. Mechanical technicians have 4 high profile 
in drafting-related and design related task clusters, moderately 
high profiles in supervision-related and equipment-relatfed tasks, 
and a zero profile in geodosy-related tasks. The "other^ group, 
Figure 19, consists of a variety- $1 technicians--aeronautSical , ^ir 
conditioning, building construction, chemical, drafting," Environmental, 
etc. — with a diversified employment; hence, it is to be expected that 
the identifying characteristics ^f employment* of such a gi^oup would 
become blurred unless such characteristics were common to tthe employ- 
ment of most members of the group. Indeed, only the drafting-delated 
tasks appear with a high profile. 

Figure 20, which is the composite profile for the entire sample, 
serves to indicate the relative frequencies wj^th which a variety of 



FIGURE lS. 



■Job Activity Profile for, Mechanical Engineering 
Technicians in Entry Level Jobs* 
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FIGURE 1 9 . --Job Activity Profile for Engineering Technicians Other 
Than Civjl, Electrical/Electronics, or Mechanic-al in 
Entry Level Jobs J 
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FIGURE 20 . --Composi te Job Activity Profile for a Mixed Sample of 
299 Engineering Technicians in Entry Level Jobs. 
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tasks are ger/ormed by technicians of all types. For example, t\e 
low task perr^J^nc^ index for the geodosy-r^elated cluster implies 
that there is only, a small proportion of the total population of 
associate 'degree technicians engaged frequently in mapping or survey- 
ing operations. It is interesting to note that the "reporting" ' 
cluster (i.e., verbal reports, writing reports) has the highest value 
of task performance index on this diagram; evidently, Responsibilities 
for reporting are common to most technician jobs. 

Emphasis on Specific Tasks . --The- entry leyel jobs of technicians 
of vlrious, types seem to be characterized \5y frequent performance of" 
certain specific tasks. The most frequently performed tasks are * * 
usually , t though not always, associated with task* clusters having high 
cluster means. Table 69 lists relevant data for civil, electrical"/ 
electronics, and mechanical technicians. In the table, the* ten task6 
of highest task performance ' index are listed in rank order; where the 
task has a high index it is marked with a dojuble asterisk, and a 
single asterisk is used where the index is moderately high.^ These 
lists of frequently performed tasks" indicate in a general way the 
major focus of the job activities of the three kinds of technicians 
considered. The civil technician, for example, is often on a surveying 
team, and has considerable responsibility for supervising the work 
of others; he also is often found working at the drawing board, 
designing, assisting to design, or doing layout work. The electrical/ 
electrorics technician is principally a troubleshooter ; he identifies 
problems with equipment,* calibrates^ and adjusts, repairs, tests and 
does analysis. The mechanical technician is seemingly used^roadly, 
in design, analysis, coordination, drafting, reporting, data recording , 
atffa building models or prototypes. 

§ Regional Dif f evences . --The job activities of technicians show * 
some - intra-specialty differences by geographic region. Table 70 
indicates in broad fashion some of the major differences, in terms 
of the relative frequency of performance of certain task clusters;' 
this table ha's been constructed from the detailed data of Table 67. 
From Table 70 the following interpretations can- be made. 

Civil Technicians : ThA job activities of civil technicians 
employed in the Southeast Wgion of the United States apparently 
are more characterized by supervisory responsibilities (com- 
« munications, coordination, planning and scheduling, supervising, 



For the analysis here, task performance indices were rated 
' as follows: under 0.6, "low;" 0.7-1.6, "moderately low;" 1.7-2.^ 

"moderately high;" ? . 7 and above, "high". 
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TABLE 69. --Ten Most Frequently Performed T,asks: Ci vi T , - Electri cal / El ectroni cs , and 
Mechanical Technicians* 





Rank Order 


* r 


Ta'sks, by Technical Specialty of Technician 


of Frequency 

: & 


Qi vi 1 


i * Electrical/Electronics Mechanical 



1 

2 
3 
4 

? 5 
6 
7 
8 
9 

10 



♦♦Surveying, Inst. Man 
♦♦Coordination 
♦♦Supervis i ng 

♦Design Drafting 

♦Layout Drafting/ 
^♦Design Assistance r 

♦Check* Drawings 

♦Inspection, QuaT. Control 

♦Quant i ty Es t1ma ti ng r 

♦Detail Drafting 

r 

. ^ — k 



i 



♦♦Troubl eshooting 
♦Calibration and A^fus^ment 
♦Repair 

♦Performance Testing 
♦Analysi s 
♦Builcfing Th 1 rvgs 

Data Recordi ng * * 

Operating 

Check Drawi ng 

Verbal Reports/ 



♦Design 1 

♦Analysi s 
* ♦Coordination 

♦Check Drawings 
. ♦Detai 1 Draf ti ng 

♦Verbal Reports 

t 

iData Recording 
\Pes1gn Drafting 
^♦Buil ding Things 
^Troubleshooti ng 



•Entries marked *1tb a double asterisk (♦♦) are task's with a "high" . t&sk pe 
Irrdex; entries marked w1th-a single asterisk^(^) have a "moderately hi gh " i 
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TABLE 70. --Task Cluster Means, Job' Activities , for Associate Degree 

Technicians 1n Entry level Jobs, by Region and by Specialty, 



T 

Tp-r h n i r a 1 

1 C villi i V Q 1 


• 

r Tact 
1 a a K 




s 




Keg i o n 




1 


i I u s t e r 


■ T 

1 


o 


\ 


4 


c 

D 


i 1 £ 

U . 5 . 


r ^ i b 


1 




1 Q 
1 .0 






1 . 3 


1 .6 




o 
& 

o 

0 * 




Q 

9 A 
C . 4 


• 




r 

. 5 
Z . 3 


. 8 
2 . 3 


• 


A 
4 




9 n 






Z . 8 


2 . 3 




D 




9 1 
C . 1 


* 




1 .0 


1.8 




D 




7 






n 


. b 




7 

/ 




Q 

. y 






A 


. 8 




Q 

0 € 




1 9 

i . i 






.4 


1 .0 




Q 

y 




i .y 






1 . 3 


1 . 8 




10 




.4 






.3 


.5 


L 1 cC t r 1 C a 1 / 


1 


1 A 
1 . 4 


1 9 
1 . C 


1 . 1 


. y 


. 8 


1 .0 


Licit ro nits 


c 


I.I* 


1 • 1 


Q 

. y 


1 . 1 


1 . 2 


1 .0 




J 


7 


1 . 1 


c 
. D 


c 
. D 


. 6 


. 6 




A 4 
4 




. 1 










1 


0 


Q 

. y 


1 9 
1 . J 


. y 


. 8° 


. 5 


. 8 




0 


. j 


o 
. J 


. 1 


. 4 


. z 


. 3 




7 

/ 


. y 


9 V! 


1 .9 


o a. 

2 . 0 


2 . 3 


■v. ft 
1». 8 




Q 

o 


c 
. 0 


1 .U 


o 
. J 


. 4 


. 3 


* 

. 4 


* <- 

^ e 


g 


Q 

. y 


9 1 
C . 1 


1 >/9 


1 9 
1 . £ 


1 . 1 


1 . 4 




10 


\5. 


.7 




;.2 


.6 


.4 


rlc tn dil 1 La 1 


1 


1 9 
1 . £ 


9 9 
£ . J 


1 . 4 


si n - 
5 1 . 9 


1 . 5 


i ft 
1 . 8 




o 
L 


Q 


7 


1 7 
1 . / 


' 1 7 


1 . 1 


1 . 2 




J 


1 . D 


9 flf 


Q 

. y 


"9 ' A 
C .4 


1 9 


i . y 


• 


4 






o 
. C 










c 
D 


7 

. / 


1 . / 


o 

. 0 


I . 1 


1 .1 


1 . 2 




c 
D 


c 
. D 


C 
. 0 


1 9 
1 . £ 


7 


. b 


. 7 




7 

r f 


1 9 
1 . J 


. D 


1 7 

l.m / 

IK 


1 . 4 


£ . C 


1 . 3 


- 


p 


c 
. 0 


1 . D 


A 
. 4 




. 8 




9* 


1 9 
1 . J 


"l 9 
1 . J 






1 . b 


1 . 6 






.4 


.2 


% 

'V 


.8 


, 5 


4 


Other 


i 


1 .,4 


1 .6 


1 .3 


1 .7 


1 .7 


1.5 




2 


.8 


1 .2 


c9 


.9 


.2 


.7 




, -3 


Kl 


1 .1 


1 .7 


2.1 


3.1 


1 .7 




4 


:3 


.2 


, .3 




.2 


.§- 




5 


1 .0 


2.3 


.8 


'1 .4. 


.6 


1.1 ^ 


* 


■' 6 


.3 


.7 


.4 


.1 


.2 


-.4 X- 




7 


1 .2 


.9 


.9 




.2 


.8 / 


* o 


8 


.7 


' 1,.5 


. 7 


.5 


.5 


.7 






1 .2 


2.3 


2.1 


1 .9 


.1 


1 .6 






.4 


.4 


.1 


.6 


.4 


.4 
















0 



/ 



/ 



*See table 67 for definition. 

b 6roups too small for anlaysls 1n Regions 1,3'and 4. 
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etc.) than in th* west,. • 

. Electrical/Electronics Technicians : 'The general charact- 
. " eristics of the job .activities 35 electrical/electronics tech- 
nicians are similar throughout the United States; in 'the north- 
east, however, such technicians perform equipment-related tasks 
appreciably less frequently and are slightly more associated 
with design-related tasks. 

t , • ^ 
Mechanical Technicians: Job* activities of mechanical 
technicians in the Southeast reflect a relationship with cost- 
sales activities, which is not characteristic in other regions. X 
Mechanical technicians in the North Central region are a#pical 
of the group as a whole; their job activity prof^es are higher 
in .development-related and ppocess-r'elated tasks T^and, considerably 
lower in the drafting-related and equipment related clusters, 

. . °, ther Tec hnicians: Fqjay^chnicians other than those in 
6U.vil, ele'ctrical/electronit^or mechanical specialties, the 
regional differences are minor; -in the southeast, these tech- 
nicians are more ^ associated with cost-sales activities; in the 
West, .such technicians apparently bave lesser association with 
reporting-related and with equipment-related activities. 

Summary 1 

Graduates of associate degree curricula in engineering technology 
responded to a questionnaire designed to elicit information related 
to job titles, salaries, continuing education, factors which had in- 
fluenced college-choice, and Job activities. More than 400 usable 
responses, representative of the graduates of 16 institutions in 4 
all parts of the country, were subjected to analysis. The graduates^ 
included were men ih their first Job (or first 18 months) since & • 
graduation. . 

Job titles most often included the word /technician', " modified 
or unmodified; nearly 3 0 percent of the titles reported were of this 
Sort. Job titles containing the nouns ""aide," "assistant 1 ' or 
"associate" appeared with appreciable frequency, as ^id titles in- 
cluding the noun "engineer." K 

Salaries, % as reported by the graduates, had a mean value of 
$688 per ihonth. Civil engineering technicians appear to command 
flight Jy lower salaries than other kinds^of technicians, and salaries 
of technicians in the western region of \be country appear to lag / 
salaries in other regions. Technicians in the North Central region 
reported slightly higher salaries than the national average. Com- . • 

parisons of mean salaries by technical specialty and by region in 
no cases however I revealed a gross variation. 

» 

The technicians in this sample had a mean age of nearly 25 years, 
slightly more than the predictable mean; technicians in the northeast 
^region appeared to be somewhat younger in the mean. 

*The pa^R^rn of responses suggests that participation in on-the- 
job and in-service training is a fairly common experience among newly- 
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•hired technicians, for about two- thirds of the graduates in the sample 
reported such experiences. Moreover, 34 percent of the graduates 
reported attending school and having the costs of such education sub- 
sidized, wholly or in part*, by their employers. The reasons most 
O^ten cite'd for such schooling — other than those of orientation, and 
instruction in company policy— were to gaii) knowledge or skills dir- 
ectly needed on the job (over 80% of the cases) or to pregare for 
advancement to a higher position (30% of the cases). 

^ The graduates reported" that their career^decisions were made 

largely while they were in college (jj2 percent of the cases) or in 
high school (30 percent of the cases); the factor most often cited 
asjiaving relationship to the occupational choice was the influence 
of an individual (relative or non-relative) in the same or a similar 
occupation. "Location" and "costs" were the factors mos*t often cited 
* as having affected the college-choice of these individuals. 

' Most technicians reported satisfaction with their 'collegiate 
studies; 52 percent rated their educational programs as "adequate" 
and 42 percent rated them "excellent." Civil technicians were espec- 
ially enthusiastic. 

/ • " V 

A sub-sample of ^Imost 300 ^technicians supplied derailed data, 
from which a job activity ar\alysis was made in terms of the frequency 
of performance of certain tasks. The job activity profiles which 
resulted suggested that tasks related to "reporting" were common to 
all technician jobs, that civil technicians were most frequently 
surveyors anft supervisors, that electrical/electronics were principally 
"trouble-shooters" with responsibility for equipment, and that mech- 
\ anical technicians are used most frequently in design-related tasks. 
Some minor regiohal differences in the utilization of technician 
manpower were apparent. A composite j ot* activity profile for all 
technicians revealed that design-related, drafting-related, and 
repor ting-related task clusters constitute the common elements of 
all technician jobs. The implications are <plear for formal study 
, of mathematics, graphics and communications in engineering technology 
education programs. ■ 

Careful study of the job 'activity profiles presented herein can 
be of benefit to employers {"^educators and technicians, for the pro- 
files indicate What expectations a graduate of an engineering tech- 
nology curriculum, may have for his first job after graduation and 
give insights into the kinds of .preparation which may prove ^specially 
relevant to such employment . 
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^ CHAPTER 9 

CERTIFICATION # 0F ENGINEERING TECHNICIANS 



This paper describee briefly the progress in and prospects for 
the certification of engineering technicians . It contains a brief 
history of this certification progrm and gives summary statistics 
on the status of certification efforts. 

The Certification Process 

Certification is a formal method by which the individual engineer 
ing technician can achieve documentary recognition for his education, 
experience and competencies. In many cases, such certification may 
enhance the technician's opportunities for career advancement. This 
certification is a voluntary process, carried out under the auspices 
of a non-profit body, the Institute for the Certification of Engineer- 
ing Technicians, 2029 K Street, N.W., Washington, D.C. 20006. 

The Establishment of ICET 

The Institute for the Certification of Engineering Technicians 
^ICET) is a part of the National Society of Professional Engineers, 
having been established by NSPE action on February 10, 1961. As 
early 58, NSPE had established a study committee to consider 

the emerging probl^^f providing a suitable means of recognizing 
engineering technicians and simultaneously dif f erentiating ^their 
functions from those of .professional engineers. The study committee 
deliberated for several years and sfcfcmitted its report in June I960, 
recommending- the formation of a body which would (1) help to elevJte 
performance standards of engineering technicians; (2) determine the 
competence of engineering technicians by means of investigations 
and examinations to test the qualifications of those^/ho might apply; 
(3) grant and issue certificates to those engineering technicians 
who apply and qualify; and (4) maintain a registry of the holders of 
such certificates. NSPE's acceptance of the committee report and 
qubB^quent favorable action established ICET. 

ICET's Definition <>f the Engineering Technician 

ICET had initially accepted the definition of the term "engineer- 
ing technician" which the Engineers' Council for Professional 
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Development published in^SS, 1 but subsequently modified the defi- 
nition to read as follows: 

An engineering technician is on% who, in support of and 
under the direction of prof es s ional engineers or sciehti s ts , 
can carry oat in a responsible manner either proven techniques , 
which are common knowledge among those who are technically 
expert in a particular technology, or those techniques especially 
prescribed by professional engineers. 

Performance's an engineering technician requires the appli- 
cation of principles, methods and techniques appropriate to a 
. field of technology, combined with practical knowledge of the 
'.construction, application, properties, operation, and limitations 
of engineering systems, processes, structures, machinery, devices, 
or 'materials , and, as required, related manual crafts, instru- 
mental, mathematical or graphic skills. * * 

Under professional direction an engineering 'technician 
analyzes and solves technological problems, prepares formal' 
reports on experiments, tests and other similar projects or 
carries out functions such as drafting, surveying, technical' 
sales, advising consumers, technical writing, teaching or 
training: An er^ineering technician need not have an education 
equivalent in type, scope, and rigor to that required of an 
engineer; however, he must have a more theoretical education 
with greater mathematical depth and experience over a broader 
field than is required of skilled craftsmen who often work 
under his supervision. ^ : 

ICET distributes this definition widely, including, it in both internal 
documents and published literature. 3 

ICET's Operations I 

ICET is organized as a Board of Trustees of eight members,, 
four professional engineers and four senior engineering technicians. 
Board members, who are unpaid, serve staggered, four-year terms; 
one engineer and one technician are replaced each year. ICET has a 
full-time executive secretary, Bernard Riggs , who has served iji that 
capacity since October 196 5. 

ICET is a certifying and examining body only. It is not a li- 
censing body; unlike estate registration boards for professional 
engineers, which have legal status, ICET has no similar authority 
provided by statute. Nor is ICE^T a society of fering^ membership to 
individuals or groups; however, a technician who has received certif- 
ication may join the American Society of Certified Engineering 



^-Engineers' Council for Professional Development. "Report of 
Recognition Committee , " ECPD 21st Annual Report. (New York: The 
Council, 19530 , p. 17. ( 

^Institute for the Certification of 'Engineering Technicians, 
"Minutes of the Board of Trustees" J January 1966. 

ee, for example, Kenneth C. Briegel, "Certification of ^ 
Engineering Technicians ," Journal of Engineering Eduoation> Nov. 
19&**, p. 190. 1 ^ 

v . - 1,1 
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Technicians (ASCET) in much the same manner as a registered prof- 
essional engineer may affiliate with NSPE. 

ICET has established three grades of certification: Associate 
engineering technician, * engineering technician, and senior engineer- 
;Lng technician. Table 7\ summarizes the criteria for certification 
f or -4a ch of these grades. In applying tnese criteria, ir.e ICET Beard 
accepts endorsements from persons with B.S. degrees in engineering 
or science ,and from certain other supervisors. The Board may also 
waive the requirement of 'an examination. 

,*\ 

t An individual wishing to become certified in one of the three 
grades submits an application, pays a $10 fee, -and arranges for 
endorsements to be f orwarded^bs^ ICET. In his application, he s#p£iies 
personal information and a detailed summary of his. work assignments^ 
including the degree of responsibility involved in his work. The 
Board carefully reviews the applicant's statement anc those of tr.e 
references, approving certification if all requirements are met anc 
evidence of progressive personal advancement appears. In cases of 
doubt, the Board may either reject the application, offer an oppor- 
tunity for examination, or offer certification in a .lower grade. 
It is the Board's policy to uphold the established standards, even 
though mistakes of rejection of qualified individuals may occur. 
Effective January 1, 1973, an examination will be mandatory for 
initial certification in the lower two grades unless the applicant 
^Ls a graduate of an ECPD-accredited curriculum. Also, effective 
at the same time, a written paper in lieu of examination will be 
required of applicants for initial certification as Senior Engi- 
neering Technicians. 

Technicians certifiei in one of the lower grades can upgrade 
their certifications by submitting appropriate evidence to ICET; 
the fee for -pgracmg is $5. An annual renewal fee, of $3 is charged 
to keep certification current. 

Progress in Certification 

Since applications were first accepted, IGEJ has issued more 
than 20,000 certificates; number 25,000 is expected to be issued by 
mid-1971. Table 72*lists the numbers of technicians certified by year 
for the period during which ICET has existed. Inferences about the 



The "associate engineering technician 1 ' grade was originally 
called "junior engineering technician"; the word "associate" replaced 
"junior" effective January 1, 1971. 
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TABLE 71 .--M1 nlBUB Requirements for Certification 1n Various v 
Engineering Technician Grades, ' 



Education and/or 

Grade Age Ex peri ence Qua! 1f 1ca tlons 



Senior 
Engl neeri ng 
Techni dao 



No maximum. 
35 years 
mi nimum 



< 



(a) Graduation from an 
ECPD-accredi ted pro- 
gram 1 n eng1 neeri ng 
technology plus 15° 
years engi neeri ng 
technician experience 
under the di rection 
of a professional en- 
gineer or equi val enLoc 

(b) 17 years engineering 
tec hnician^x peri encfe 
under theMi recti on of 
a professional engi- 
neer or |qu1valent. 



Demons trated, 
M gh qualifica- 
tions; knowl edge 
of deta i 1 ed tech- 
nic^ character. 
"Responsible per- 
formance. 



Engineering No maximum, (a) Graduation from an 
Technician 25 years ECPD-a<cred1 ted pro- 

minimum gram in engineering 

technology plus 5 b 
years engi neeri ng 
technician experience 
under the di recti on 
of a professional 
engineer or equiva- 
lent, or 
(b) 7 years engi neeri ng 
technician experience 
wider the di rection ' 
of a professional 
engineer or equi val eat. 



Demonstrated tech- 
nical knowledge 
plus satisfactory 
compl et i on of- an 
exaroi nation. c 



Associate No' maximum 
Engineering No minimum 
Technician 



(a) Graduation from an 
ECPD-accred1 ted pro- 
gram 1 n engi neeri ng 

1 technology , or 

(b) 2 years engineering 
technician experience 
under the direction 
of a professional 
engineer or equi val ent 



El ementa ry tech- 
ni c a 1 a b 11 1 ty . 

Endorsement, from - 
one professional 
engi neef or equiv- 
alents 



a 13 years -1f graduated from an ECPD-accretf1 ted baccalaureate engi- 
neering technology program. 

b 3 years, if graduated from an ECPD-accred 1 ted baccalaureate engi- 
ne'erlng technology program. 

c May be waived at the discretion of the Board. 



\ 
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TABLE 72. 


--Number of Certified 
«^nd Year, 1964-1971 


Engi neeri ng 

a 

« 


(Techni c i ans 

1 


by Grade 






Technicians With 


Current Certificates 
» « 


Tear 


' . Associate c 
Engi neeri ng 
Technician 


Engi neeri ng 
Techni ci a n 


Senior 
Engi neeri ng 
Technician Total 


1964 


462 


929 


416 


1 ,807 


1965 


640 


1 ,323 


630 


2,593 


1966 


1 ,820 


3,738 


2,01 5 


7,570 


1967 


2,016 ' 


r 4,068 


2,227 


8,311 


1968 


2,458 


" 4,858 


2,704 


/10.020 


' 1969 


3,758 


5,798 


3,426 


12,982 


1970 


4,91 5 


■ 6,580 


3,879 


15,374 


1971 


6,340 


8,610' 


5,503 


20,453 



a Data suppl i ed by ICET. ^ * 

^Reporting data is not the ?ame from year to year; caution must be 
used in drawing i nferences about certification rat^s. 

* CH Junior/ u prior to 1971. • 



level of ICET's certification activity can be drawn from the data in 
this table. Table 73 lists the distribution of certificate holders 
by- state (all grades combined) as of May 1971. Table 74 shows the 
progress in certification by state, listing the number of ^certified / 
'technicians of all grades by state and by year. . *' 

b As may be noticed in Tables 72 and 74, the total number of indiv- 
iduals with active certificates has increased rapidly in the last years. 
One factor which perhaps has , contributed substantially to this trend 
has been the support given to ICET's certification effort by insti- 
tutions having engineering technology curricula accredited by ECPD. 
By arrangement with ICET, graduates of such curricula may be certified 
as Associate Engineering Technicians at the time of graduations Many 
recent graduates have received dual credentials at their graduation 
exercises; this is a practice expected to continue 'and increase. A 
second factor which will encourage certification is the growing trend 
of employers t to recognize and support the activity^ Some firms pay 
ths certification fee; some give bonuses upon certification; and 
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TABLE 73. --Distribution .try State of Certified Engineering Technicians 
as of May 1 , 1971 . 



State 



Number 



State 



Number 



A1 abama 

Al aska 

Arizona 

Arkansas 

Cal i f-orni a • 

Canal Zone 

Col orado 

Connec ticut 

Del awa re 

D.C. 

Flortda 

Georgi a 

Hawa i i 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Loui s i a na 

Ma i ne 

Mary la ad 

Massachusetts 

Michigan 

Mi nnesota 

Mississippi 

Missburi 



V 



•1 22 
59 
331 
305 
661 
7 

209 
502 
148 
26 
477 
283 
29 
59 
1 ,079 
269 
58C 
944 
193 
215 

345 
457 
578 
556 
178 
875 



Montana 

Nebraska 

Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio' 
Okl ahoma 
Oregon 

Pennsyl vani a 
Puerto Rico 
Rhode. Island 
South Carolina 
Soufh*Dafcota 
Tennessee 
Texas 
Utah 
Vermont 
V1 rgi ni a 
Washi ngton 
West Virginia 
Wisconsin 
Wyomi ng 
Outside the 



U.S 



108 
266 

52 

83 
274 
182 
931 
343 

90 
1 ,453 
501 
357 
1 ,"07 5 

21 

65 
149 

28 
587 
2,658 
' 20 

96 
534 
383 
134 
374 

18 
106 
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others base* promotions upon the possession of appropriate certificates. 
The Engineering Division of 3M of' St. Paul, Minnesota, the Westinghouse 
Electric Company of Lima, Ohio, the Marley ^Company of Kansas City? r 
Missouri, and the firm of Consoer, Townsend and Associates, Chicago, 
Illinois, are 'but* a few examples of such employers. ICET anticipates 
a continued heavy workload in the years ahead. 



\ 



Some Characteristics of Cep^fied 
Engineering Technicians ► 

Civil engineering technicians form proportionately the largest 
group certified by ICET at this time. Most of these technicians are 
em-tloyed by state highway departments or are in some manner concerned 
with road c6nstruction projects of federal or state government. 
Electronics technicians constitute the second largest group. 

When ICET initially began its certification procedures, approx- 
imately half of the engineerings-technicians certified were in the 
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TABLE 74. --Di stri bution of Certified Engineering Technicians bj 
State for Selected Years, 1963-1971. \ 



STATE 



Number of Certified Engineering Technicians/, by Year 



1963 



1 9653 



1967 



1969 



1971 



Al abama 

Alaska 

Arizqfia V 

Arkansas 

Cal i f orni a 

Canal Zorte 

Colorado 

Connecticut 

Del aware 

D.C. » 

Florida 

Georgi a 

Ha wa i i 

Idaho 

Illinois 

I ndi ana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Ma j ne 

Maryland 

Massachusetts 

Mi chigan 

Mi nneso ta 

Mississippi 

Missouri 

Montana 

Nebraska. 

Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 

Okl ahoma 
Oregon 

Pennsy 1 vani a 
Puerto Rico 
Rhode Island 

Caro 1 i na. 
[*ota 
e 



th Dj* 



South 
S.outh 
Tenn 
Texa 
Utah 
Vermont 
V1 rg1 n1a 
Washj ngton 
West Virginia 
Wisconsin • ' 
Wyoml ng 
Outside the U 

TOTAL 



8 

2 
6 
3 
51 
1 

'5 
1 5 
54 

4 
•26 
1 3 

0 

4 
58 
17 
16 
15 

6 
10 

1 

14 

38 
35 
24 

7 
41 

4 
11 

3 

5 
24 
, 21 
1 37 
1 5 

3 

130 
29 
8 

135 
•1 
2 
13 
2 
20 
104 
2 
3 

I 

37 
1 
1 



1 ,473 



1 1 
4 

12 
8 

96 
1 

10 
35 
107 
1 7 
77 
24 
i 0 
7 

126 
36 
42 
•45 
1 2 
27 
9 
37 
50 
69 
35 
15 
113 
9 
31 
3 
8 
38 
37 
217 
46 
4 

267 
45 
29 
220 
2 
6 
23 
4 
47 
256 
3 
3 
60 
114 
37 
54' 
1 
2 



46 
23 
< 9* 

85 
303 
3 

81 
126 
1 ] 5 

13 
230 

80 
4 

20 
504 ■ 
105 
169 
512 

65 

62 

18 
118 
140 
264 
176 

44 
•441 

54 

90 
- 17 

17 
123 

94 
464 
172 

1 1 
805 
144 
137 
489 
8 

16 

56 
. 8 
233 
861- 
fr 

17 
169 
197 
79 
T66 
9 

38 



2,593 



8,311 



a Data. col lected at end of 1964 



1 7~ 
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,982 



20,453 
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"engineering technician" (middle) grade, vith about one-quarter in 
the "junior engineering technician" (now, "associate") grade and 
one-quarter in the "senior engineering technician" grade. ^Currently, 
however, the greatest activity appears to be in the associate engi- 
neering technician grade, and most of the applicants seem to be , 
recent graduates of schools with one or more ECPD- accredited curricula. 
Some applicants for certification are graduates of community colleges 
and use the examination route to certification. 

Womea form a very small *percenta&e of the total number of 
certified engineering technicians. It is estimated that only 150- 
200 women are included in the "total of nearly 2 5 , OCyD individuals 
who have received certificates.. - 

At the present tune, few graduates of baccalaureate programs 
are included among the engineering technicians certified, ICET 
anticipates some problems if appreciable numbers of such individuals 
apply. 

Benefits of Certification 

Certification *6f engineering technicians appears to provide a 
number it benefits. Primarily, it adds status and prestige to the' 
job. - Certification also provides, with many employers, a basis for 
fjromotidn of -technicians . Furthermore, certification should clarify 
the distinctions, between the role of the engineer and that of the 
technician, hopefully resulting in better ut-ilization of thiS Ration's 
total supply of technological manpower. Finally, the formal ident- 
ification of technicians by certification and the communication among 
technicians which has resulted from the *f or mat ion of ASCET and the ' & 
Various local sections of this safety Y c^ir only Serve to enhance 



the position of individuals and improve the performance standards 
of engineering technicians in general. *" y 
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CHAPTER 10 

A STATISTICAL MODEL FOR ENGINEERING TECHNOLOGY 
EDUCATION IN THE UNITED STATES. 



4 



CHAPTER, 10 



, "A STATISTICAL MODEL FOR -ENGINEERING TECHNOLOGY 
/ ' EDUCATION IN THE* U NT TED STATES 

.„ /» 

. ^ * " - r 

Tfcte paper 1 presents a statistical model for ^engineering tech- 
nology education in the United Spates.^ Assumptions are made about 
future manpower needs and 'then projections are made of the educat- 
ional efforts required' to meet these needs. Finally, the projected* 
statistics in the model >are compared to currently reported Statistics ■ 
in order to assess, .tentatively, the national ' progress, in engineering 
technology education, ^ 

j Introductipn 

All recent projections related to future national manpower neecjs 
indicate enhanced demands for scientific and engineering technicians. 2 
These .projections reiterate and reinforce the experience of the past, 
Engineering technicians, especially individuals w?^h associate or 
higher: degrees*, have,been*in somewhat sh'art supply f or^ the past two 
decades; in 1968, for example, 48 percent of ^the employers responding 
to a purvey by the Engineering Manpower 'Commission reported "short- 
falls" in meeting their employment goals for engineering technicians, 
some by as much ashalffof their goals. 3 However, there are indica- 
tio^s that the gap between demand and supply is closing slightly. 4 
For example, an improved enrollment trend is nqtfed in some—although 
not all — 6f the institutions which offer educational programs in 




E£I£?-A ' ■ • • >m ".17S 



. It is emphasized that thi^ document is merely a position \ 
paper with the views of its author'. Endorsement by t$e American ^~ 
Society for Engineer i'ng Education or -the Advisory Committee- fbr 
4SEE's Engineering Technology Edp6ation Study is in'no way implied, 
■^content is entirely the responsibility of the author. 

2 For 'example, see U.S. Department of Labor, Manpower Report * 
of the President': -A Report on Manpower .Requirement* , v Resources , 
Utilization^ [and Training (Washington: U.S. Goveri^nt Printing 
Office, 1^970); pft&flff., and U.S. Department of Laror, Tomorrow's ^ 
JtanpoJbr Needs, Vol. 3 (Washington: U.S. Government Printing Office, * 
1969) , • 

3 Engineers Joint Council, Engineering Manpower Commission, M ■> 

, Demand for Engineers and Technicians, 1268 (New York: The Council' * - W 
1969), pp. 26-29. ' > 

4 * ' * 

\> U.S. Department of Labor, Bureau of Labor Statistics, 

technician Manpower: 1966-JO, Bulletin 1639 (Washington: u.«S. 

•\ Government Printing Of /i,ce , * 197 0 ) * " 9 *> • - y 
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believed that a continued higher education'^ 
cisting programs, iriaUguralfing new prograjnlT, 



this area. But it is 
effort^ in expanding existing 
apd providing faculty members and facilities, will be necessary 
if .these initial^fff nds -are to be firmed and real pr^ress made. 

In a prefiminary ef t to, assess the educational effort re- 
quired to meet t^p nation ! s needs for engineering technicians, a£ 
idealized, statistical model for engineering technology education in 
the United Stcftes has* been constructed. The model attempts to match 
manpower ne£d£ with supply and to estimate, in terms of enrollments 
and graduates, the educational effort in engineering technology 
needed in each st^te. The model and the assumptions on which it 
is based are discussed in the ' following paragraphs. 



\ 



Manpower Needs 

* Various projection strategies have been employed to estimate 
needs for engineering „ technicians , but most techniques involve (1) 
projecting future needs for engineers and scientists on the basis 
of historical and trend data in an- industry-by-industry classification, 
(2) computing the ratio "of^technicians" to scientists and engineers 
for each major industry sector* 1 (this ratio currently has a mean value 
of CU63), and (3) applying these ratios, corrected for trends in 
technician utilization, to the appropriate projection of scientific 
and eng ineering * manpower to y-eild technician manpower requirements. — ^ 
Some .of the results are s^ftwn in Table 75. The Sources of the first 




%TA$LE 75, --Projections of Needs for Engineering technicians, 1970-80, 
Various Sources. 

■ / . ^ : 



Projection 



Projected Annual Need/ 
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A ' 
B 
"C 
D 
•E 
F 
& 



64 ,600 
■41 ,000 

25 ,4©0 

50 ,200* . 
• 45,50.0 • 

28,400 
. 33,000 a 



t a This f1 gure .'has been adopted for construction of the model; see 
discussion 1n text. 
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six of these estimates are given below. along with a discussion of 
them. 

* <. 

Projection A 

Source: Leonard A. Lecht, Manpower Needs for National Goals in the 
1970*8. New York: 'Frederick A. Praeger, 1969. ^ * 

, * ■ 

This source listed the following estimated annual job openings, 

1966-1975, for technician fields: 



Electrical and Electronic 


34,400 


Other Engineering 


7, 10C 


Draftsmen and Designers/ 


23 , 10C 


Life Sciences \. 


14,300 


Chemical ' 


^ 11,600 , 


Physics * 


2, 1C0 


Other Physical Science 


7 


Mathematics" 


• 

1,2:: 


Computer and Other" 
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^ - „ _ % , ^fc 

Assuming that the first three entries in this list^H|titute the 

engineering technologies?* tfhe total estimated annu^need is thus 
64,600. While these proj ections >ere made to* 1975 only and were 
based on 1966 levels of employment, it seems reasonable that the 

\ s^ne estimates would be as valid at the end of the 197 0-8 0". decade 
as at its beginning^ The estimate"" was 'predicted on what the author 
termed a "lower limit for employment opportunities" based oh "national 

•priorities" which reflect "more of 'the same" as existed in the 1960 f s 
The author* also projected a "higher' priori.ty'altemative charactered 
by b61der specific objectives," such as housing starts or massive 
efforts in* pollution control, which led £o an' even higffer estimate * 

'of the annual job opening for technicians; the "higher priority" 
estimate w£s for approximately " 87 , 000 Vacancies per year.* 

* si * 

Projection B * -r *fl *^ 

Source: John D. AldeJf "Engineering Job Prospects for 197^" in ^ 
Sypply* Demand and Utilization of -Scientists (fid EngineersY Scientific 
Manpower Commission and Engineering Manpower Commission, W&shington: 
The Commissions, 1970. * 3 

author cites ar; estimated average of 65 , 000 job openings per 
year for engineers for the- nex{ deeade (see p. 5), influenced but 
slightly by short-term tightening of the job market. "Irreversible 
factors in our technological society," a backlog of unfilled jobs, 
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changes in the draft laws, and adjustments of immigration quotas are * 
li.sted as arguments why annual manpower needs for engineers will not 
go below the 65,000 level. Since the same author, 4i other Engi- 
Tie^ring Manpower Commission publications} has^stated the ratio of 
technicians to engineers nationally to be .63 to 1, the implication 
is that . 63 x 65 , 000 = ^1 , 00jl^e<jmician jobs will be availably annually* 

m 

Projection C 

Source: U.S. DepartmeiJB^ of Labor, Tephnician Manpower > 1966-80 3 
Bulletin No. 1639, Bureau of Labor Statistics. Washington: U.S. 
GoVergpent Printi^ Office, 1970. (Adapt A.) 

The 'Bureau of Labor Statistj.es has listed estimates of the 
number of technicians of various categories employed ip 1966 and 
projected requirements in 1980 as shown iVTable 76. Computations 
based on these data lead to the result's shown in Table 77. In 
making these computations, it was assumed (l)-that at least 5G per- 
cent of the 'draftsmen needed in 1980, should have 'associate or higher 
degrees, (2) that all engineering technicians should-have associate 
or higher degrees, and (3) that the "other" category (which included 



TABLE 76. --Employment of Technicians by Occupational Specialty, 
Estimated 1966 and Projected 1980 Requirements. 



X" 

Occupation ^ 


1966 
Employment 


r 198Q .,' 
Requi rements 


Draftsmen . 


272,300 


434,300 


Engineering Technicians 


299,200 


453,800 


Other Technicians 


125, 1D0 * % ' 


" 205,800 


— — 


• * 


— « 




^ — 




TABLE 77. --Projections 
• , AsspciSte or 


of Increases i rv Needs 
Higher Deqrees , 1 966- 


for Technicians with 
1980. 








Occupation 


Empl oyment Increases 
1966-1980 


Number Requi r i ng 
Assoc lata or ttfgber 
Degrees 


Draftsmen 


— , 1 
1 62,000 


81,000 * 



Engineering Technician' 
Other Technicians 
TOTAL 



1 5j4 , 600 
80,700 



vl 54,6-00 
20,000 
225,600 



18' 
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computer programmers and mechanics, industrial designers, and sur- 
veyors) consisted 25 percent of-' individuals who wolild be of the 
engineering technician type and hence need associate or higher degrees. 

Ir addition to new job openings, a number^ cJL rep la cements to 
the 1966 work force were believed necessary to compensate for losses' 
from the field due to death, retirement or transfers to other occu- 
pation^. Attrition rates of 2C percent were assumed for employees 
already in the field in 1966, 15 percent for these wno enterec it 
during the 1966-1933 period. With further assumptions that replace- 
ments for one-naif the replaced draftsmen, all the replaced engi- 
neering technicians, and cr.e --fourth of the rep lac ec "other" tech- 
nicians srouic :e college- trained , estimates of replacement neecs „ 
were calculate? as shov.r. in Tacle 78. 

T^e total neecs, new vacancies (226, 6CC) pl^s replacements 
(12 7 ,11-1) , are for 362,611 college -trainee tecrriciars in tne cencc 
^96 6-1931, since t " is pence covers a 1- year scan, tre a/erage 
ann-al reec is cor.p^tec to ce anc-T 26,211 technicians. 



TABLE 78. --Projections of '"Replacement" Openings for Technician's 
. 1966-1930. 



Occupation Number Attrition Number Number of Colleg*- 

s in Field Rate Replaced Trained Replacements 



.1 



raftsmen, T966 272,300* \20 S4,4^0 27 , 200 

Engineering 

Technicians, 299,200 .20 60,000 60,000 

1966 

Other Tech- , or 

nrcians, 1966 '25,100 .20 25,020 6,2^ 

All New Entrants, " 
1 966- 1*980 225,6(70 -1 5 33,800 33,800 

T0TAL 127,200 



rr eject ion 



source: Same as Projection Or 



6 



An alternative to the scmewnat involved computations of Pro^ 
jection „ is to consider ail "Natural Science and Engineering 7e< 
nicians", except- Life Science Technicians, as a single category. 
A simplified calculation then exists, as follows: 
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1. dumber of technician^ employed in ^P?6 „ 816, 9€0* 

2. Number of jobs / 1966-1980 f 469,900 

3. Replacements for 20 percent of line 1 163,400 

4. Replacements for 15 percent of line 2 ^ 7 0,500 ^ 

5. Total 1966-80 Needs (sum of lines .2,3,4) 703,800 

6. Average annual need (line 5 divided by 14) 50,200 

« « 

The result, 50,200 technicians per year, is a total employment 

need, including technicians to be Upgraded from various sources as 

well as those who have graduated from collfgiate pre-employment 

preparatory programs. While this estimate is 'considerably higher 

than that of Projection C, it is somewhat comparable to the supply 

which employers state they believe to be desirable in order to 

eliminate the necessity for extensive Qn-the-job training and heavy 

reliance on upgrading. v . y 

« 

Projection £ . ^ 

Source: U.S. Department of Labor, Manpower Report of the President : 
A Report on Manpower Requirements j Resources , Utilization, and 
Training. Transmitted to'Congress, Marah 1970. ^Washington: U.S. 
Government Printing Office, 1970., / ^ «^ 

The President's Report cites employment requirements for engi- 
neering science technicians as growing at^ about 35-40 percent in 
the 1968-1980 period (chart 21, ,p . 163); it stafes that "on the 
average, about 74,000 new engineer^ wodld be needed annually during 
thf 1968-80 period to make" possible the projected employment growth-^ 
and replace thos* who die, retire or transfer to- other fields of 
work" (p. 159). Assuming a technician-to-engineer ^ratio of .63, 
74,000 er^ineers implies about 46,500 technicians. 
r 

Projection F 

Source: Same as Projection E. 

With some caution, the President's Report also suggests that 
the nation's manpower needs for engineers can be met by 4 5,000 
engineering graduates yearly (as contrasted to the 74,000 total 
engineers used in Projection E) . The implications, assuming the 
validity of the .63 ratio used previously, is that 28,400 engineering 
technology graduates will be adequate to supply manpower needs. 

In the 'cases of both engineers and technicians, the assumption *s 

« 

that individuals 'of teh enter these fields' without having completed 
the formal schooling -generally associated with these occupations 
and that %he numbers of such "drop-ins" are sufficiently great to ^ 
reduce the manpower requirements for graduates. • 

it 
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fome of the estimates of manpower needs for technicians as 
in Table 75, notably projections "A* and "D ,? , appear unreal-* 
istiyally high. The "A" projection was based on the assumption that 
high priorities would be placed during the coming decade on the 
achievement of substantial national technological goals, such as an 
accelerated program of 'space exploration or a major attack on urban 
problems; it seems unlikely, however, that*such priorities will <ie*^' 
velofl at a pace sufficient to create the manpower needs suggested. 
Projection "D" is probably also somewhat high, since it assum*e^ 
federal spending in aerospace and defense-related activities at a 
higher level than now prevails, and does not account f^r ttie effect 
on scientific and technical manpower demand caused by reduced federal 
budgets. The economic and employment conditions of late 1959, 197Q, 
and early 1971 appear to repudiate both of these projections. 

^Conversely, some of the lower projections may have underestimated 
new or changed employment needs being created as a result of the 
evolution of a general technical environment which is increasingly 
sophisticated and complex; it is believed that this is probably 
true of projection "C" in Table 75. < \ 

It is believed, therefore, that during the 197 C ? s the manpower 
needs for college-trained technicians will exceed 25,CC0 graduates 
per year, but will no* reach 5C,C0C per year. ^An estimate of 33,000 * 
graduates j&r year, vtth at least an associate degree, has been 
adopted for this model; in support of this, estimate , the -following 
observations are made: 

1. Just before the start of the decade, approximately 20,GCC 
individuals were graduated annually from associate degree engi- 
neering technology programs. Employers were reporting "shortfalls" 
in hiring goals which averaged 2£ percent. Hence, it is perhaps 
reasonable to estimate that the »ed then was for approximately 
2^,000 graduates. Needs, f in terms of new jobs, are expected to 
increase during the 197q's by about hQ percent; hence annual needs 
m-ay be expected to grow from 2U, 000 to about 33, 600. 

2. The total technical manpower p0 ol — including high-schoal giSad- 
uattffe and .drop-outs , college graduates and drop-outs, individual^ 
completing educational programs leading to awards less than assoc- • 
iate* degrees, apprentices, veterans whose military experience in- 
cluded ^ technical training , ^and other incidental sources— was 
approximately 70,000 technicians per year in 1970. This total 
figure will probably not grow appreciably by 19*80. However, less 
than 30 percent of tto technicians entering employment in 1970 were 

college-trained," thP largest fraction being industry- trained in 
on-the-job Drograms. It has been suggested that if the proportion 
whb has competed collegiate pre-employment curricula could 'be 
increased to 50 percent, then the 'existing manpower pool would be 
adequate to jneet the nations needs. The implication -is that an 
average of fl, 000 college-trained technicians will b^ needed 
annually. • 

3. Projections exist that an average of 43,000 engineering college x 
graduates will be produced during the 1970*0, with about 80,000 

ijL r f t " tl # e stu <*ents enrolling annually', a retention rate of 5u percent. 
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Kistorically , -f irst-time technical enrollments has been .7 as large ^ 
as engineering enrollments, and might thus be expected to be around 
56,000; if the same retention rate (54 percent) were achieved, one 
could predict that about 30, 000 tfechnolbgy graduates per year could 
be produced. x 

4.r* Short-range enrollment trends are sharply up irr certain tech- 
nology specialties. If these trends continue, and attrition rates 
atfe slightly reduced, it i$ feasible that the trends in these special- 
ties will offset continuing steady declines in others, sc^ that net 
enrollments near 120 , 000 can be m4intained. It is feasible, there- 
fore — again following histori^l trends--that about 2 5-30 percent of 
the total enrollment will graduate each year, that is, about 30,000 
x to 36,0tl0 graduates seem potentially available. 

&♦/ The best match between the nation's projected needs for graduate 
technicians and the number of individuals feasibly available to ineet 
those needs apparently occurs in the range >30 , 000 - 36 ,000. Hence, 
a projection of 31,000 is taken as a wirking estimate. \ 

There are few projections of the manpower needs for technicians 
with bachelor's degrees, i.e., technologists One study Led to an 
estimate that a minimum of 20 percent of all technicians should 
"'possess bachelor's or higher degrees.^ It is believed , "however 
that this projection is low. Trends, now that a small but growing 
supply" of baccalaureate graduates have appeared, suggest that in- 
creasing numbers of empl9yment opportunities will exist for such l 
individuals and that as many as 10,000 to 12,000 positions per year-- 
approximately one-third of the projected "college- trained technician" 
group—will be available during the 197 0 's. The model has assumed 
an average need for approximately 11 , 000 baccalaureatjfe gfaduate^pe 
year. 



* Sources of Students ' % % 

The individuals who will enter thfe labor market as technicians 
during the 197G's or prepare to do so have already been-bor/n; they 
are, in fact, already in the educational stream, at least in .the 
upper elementary grades, and some ar^e already in c<pllege, Although 
' there are some possibilities' for small shifts in students' interest 
„ patterns in the future, it is likely that the number of students 
available in the next decade for education as technicians is a 
relatively fixed quantity, subject to only .minor short-term variation; 
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i • Eckhart A. Jacobsen, A Survey of Teohhiaal Needs for Industry 
and Implications for Currioulum Development in Higher Eduodrtion, 
Cooperative Research Project with U.S. Office of . Education , 1966* 
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It is possible to estimate the pool froia which" students for , - 
engineering technology .will be drawn. The IT. S . Office of Education, 
for example, has *pf l oj ected future "freshmen"' or "first-time degree 
credit" college 'enrollment as follows : 1 

Year * : Fres&nan Enrollment 

1970 ' V. 1,661,000 

19/3 1,889, GOO 

1977 2,127,000 

Preliminary counts for 197 0 suggest that actual enrollments may 
exceed the projections slightly,, so that it is reasonable to assume 
that freshman enrollments during the period 197C-80 will average 
about 2,3CC,CCC students. The number of males is expected to exceed 
slightly the number of females, sc that an average of about !l,1C0,QC0 
men per year will enter college. In the past, about 15 percent of 
college men have cncsen technological, fields (physical science, math- 
ematics, engineering, technology, etc.*) 2 If this ratio remains sen- 
sibly constant during the next decade, then approximately 155, GCC 
h meji will cons.t^tui££ the annual pool from which engineering technology 
students car. be drawn. If j^st trends continue, the largest fraction 
of tr.ese 165, ZZZ will select mathematics, physical science^ or* engi- 
^> neering as disciplines, with ^a smaller proportion, perhaps 3C ll *0 per- 

cent, choosing engineering technology or related fields. The number 
of entering students per year !could vary from 49,5CC (3C*percent) to 
66,C22 (*C percent). Some indications exist that the latter figure 
-is tr.e more Vealist ic . Pecer.t follow-up studies 3 of high school 
graduates suggest that 2 percent of these graduates enter technician 
education programs. Since the average number of high school graduates 
per year during the decade 1970-I98C is expectea to be about 3,33G,0CC, 
some SC,C0C students can be projected to enroll in engineering tech- 
no logy programs if the 2 percent trend continues. 



:e ofwic 



■*U.S. Office orTBucatiorif National Center for Educatiortal 
Statistics, Projections of Educational Statistics tc 1977-78 Washington: 
U.S. Government Printing Office, 1969), Table 5, p. 13. 

2 Ibid, % Table 19, p. '32. * 

3 John C. Flanagan and others, Project TALENT One-Year Follow- 
up' Studies (Pittsburg! Project TALENT Office, University of 
Pittsburg, 1966). 
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U.S. Office of Education, ojt.cit.j Table 17, p. 23., 

f 
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Attrition, Completions, Advanced Study 

*■ 

Historically, the over-all attrition rates in technology programs 
have been excessively large. It is not unusual for 60 -percent of an 
entering class t^ drop-out, change majors, or in some other way fail 
to graduate. Despite these historical data, however, an optimistic 
outlook has been taken, and ■ attrition -rates of only 50 percent have 
been assumed for this modal. ^ In most cas^s, the majority of "attrition 
appears to occur in t the first year; two out of three who eventually 
leave the field have done so before the beginning of their sophomore 
year. In light of these trends, it appears reasonable/to assume an 
^acad'emic progression in which sophomore enrollments are approximately 
65 percent of freshmen enrollments and associate degree graduates are 
50 percent 6f freshmen enrollments, t 

There have always been some graduates of associate degree engi- ' 
neering technology programs who F have continued in college to study 
for baccalaureate degrees: some have pursued engineering programs i 
some ,• business administration; some, education; and the, remainder 
have studied in miscellaneous other areas. Often these students 
"lost" credits. The emergence of .baccalaureate programs in engineering 
technology, however ,'nas provided* for many associate degree graduates 
opportunities for further study without* such loss of credit t and 
appears to be pne factor, along with mounting social pressures, which 
has recently greatly increase^ the number of associate degree graduates 
who continue their schooling. A recent survey revealed that 3 2 percent 
of students i^associate degree programs planned to seek a baccalaureate 
degree. ^ At some institutions, the proportion lo seek the higher 'degree 
has been reported to be as high. as 80 percent. Reasonable estimates 
for the future appear to be that about 40 percjejyfc^e-f associate degree 
graduates will seek bachelor's degrees and that 85 percent of therse 
(approximately- one-third of the associate degree graduates) will attain- 
their goals. These estimates have been adopted for the purposes* of th€~ 
model . 



1a • • * 

An. attrition rate of 50 percent actually represents a sub- 
stantially higher retention'rate tha^ that which most institutions 
report ; manyVo'bs'ervers feel that it is almost essential, from the 
standpoints $£ineeting manpower needs and providing adequate educa- 
tional opportunity, that institutions immediately develop positive ' 
programs to assure that retention rates are increased to or beyond 
the 50 percent level. ^ 

*Amen*can Society for Engineering ' Education , Student Tech- 
nician*: ^ A Study of Some Charaaterietioe of Studente Enrolled. in 
Aeeooiate Degree Engineering Teofwology Programe, Study Report No. 7, 
Engineering Technology Education Study (Watfnincton: ASEE-, 197 0). 
See also Chapter 7, herein.. 
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■A Statistical Model for Engineering Technology Education 
i n the Uni ted Sta tes . 



66,000 Students 
Entering Engi neering 
Technol ogy Programs 



50% retention ra te 



3^,000 Graduates 
from Associate 
Degree Pro-grams 



19,800- Graduate* 
Enter Job Market 



40% continue studies 



1 3 ,200 Students * 
Seek Baccal aureate- 
Degrees 



1 ,980 Students 
Enter Job Market 



85% retention 
ra te 



1 1 , 220 Grad 
from Bacc. 
Programs 



21 f 780 Jechn1ci ans Employed 
with ATssViate Degrees 



I 



1 1 ,220 Empl oyed 
wi th Bachel or 
Degrees 



/ 



The Macrqscopic 'Modfel 

i 

The statistical model for engineering technology ^education in 
the United States as a whole, that is, the. macros ^opic Vftodel , is 
based on the following assumptions, the rationales for which have 
been given above: 

1. £6,000 students will enter engineering technology 
programs each year. 

2. 50 percent (33,000) of these will graduate with 
♦ associate degrees. * 

3. *'40 percent (13 , 2 0 0 > of the associate degree graduates 

will continue studies toward a bacaal^ureate ^d'^gree , 
and 60 percent (19,800) will enter latter *f tfrce as 

technicians. > f 
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*+. 85 percent (11,220) of those who seek baccalaureate 
degrees will attain <them; the remainder (p., 980) will" 
t join the labor force as technicians. 

* 5. The labor force, when the cycle* is fully Established, 
will be augmented annually" by 11,2 20 baccauaureate 
graduates -and 21,780 (1&, 800 p^us 1, 980) qLfesociate 
* degree* graduates ; this supply will balance Ythe projected 
annual need for '33,000 "college trained" technicians 
and will provide individuals with bachelor'^ degrees 
in a proportion deemed d^kirable. \ 

The model is illustrated in Figure 21. V 

This model has implications for the enrollment o^ engineering 
technology students^in institutions* of higher education, as follows: 

** „ 1. 66,000 students will enroll $s freshmen, although about 

one-third of th'ese will not be retained past the, first 
year. , 

2. About 44,000 students will enroll as sophomores. 

3. Approximately 110,000 students will be enrolled in 
associate degree programs* (or the lower division of 
baccalaureate programs) in engineering technology. 

4. 13,200 students will transfer (or continue) to the 
junior year, although about 10 percent of these will 
not be retained pa^t "this year . 

5. About 12 , 000 students will enroll as^ seniors/^ 

^ * 6. Approximately 25,000 students will be enrolled in the 
upper diyision of baccalaureate engineering technology 
programs ^ 

7. The total enrollment -In all engineering technology 
pregrams will be approximately 135,000 students. 

Fi^?hre 22 illustrates graphically the enrollment distribution just 
diseased. 



FIGURE 22. --Projected Enrollments of Students in Engineering * 
* Technology Programs, According to a S tat i s ti ca 1 Model 
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Constructing a Detailed Model " 

It is possible to identify a number ©f philosophical bases on 
.which a detailed, or state-by-state, 1 model of engineering technology. ■ 
education can be constructed* Among £hese are the following: (1) the 
provision of equally accessible educational opportunity, (2) adequately 
meeting* the technical manpower seeds of the employers in a local 
community, and (3) fully utilizing existing resources, wherever located, 
in-order to minimize outlays for higher education. -These are all attrac- 
tive, viable concepts; they each would lead, however, to slightly dif- 
fering models. The factors agjj the judgments made on their relative 
priorities are discussed in the paragraphs following: ./ 

Equally Accessible Educational Opportunity- 1 * 

The equality of opportunity for students to attend institutions, 
of higher education and receive instruction in the disciplines of thei} 
choice has long been an American goal. This goal has never been fully 
realized a)nd probably will not be. It is not pragmatic that in every | 
estate ttfe institutions of higher education—individually or- collec tively- 
offer^very known discipline; however, ^roups^of states, through inter- 
state or regional compacts, have approached the ideal. 0t\ the other 
hand, for the ordinary* disciplines—and engineering technology is an 
important one—enrol lment opportunities should exist in every state; 
furthermore, such opportunities should be Commensurate with e^ch state's 
population. The implication for n/odeling, then, is that the number of 
engineering, technology student's a^d graduates in a given state should - 
have the same relationship to the; national totals of suc*h students 
and graduates as the population of the state has to the f 'nation^l 
population. It is believed that this principle is of paramount ipip'or- 
tance, and has been used for the model which has Ipeen constructed. 

{Meeting Local ftanppwer Needs - { 

Areas which are heavily industrialized or which /have concentra- 
tions of scientific and engineering activities ^ener^lly have per 
capita needs for technical manpower which are greater than those in 
areas which are agricultural or which concentrate or} office or service 
occupations. Supplies of technical manpower are neciessary both to 
maintain the industrial/technological establishment ' where it exists 
and to insure its growth and expansion. The implication for modeling 
here is that states with a substantial industrial/ technological efctab- 
lishment should provide for relatively mo^e enrollments in .engineering 
technology programs than do states with lesser concentrations of 
iidustrial/technologfcal activity; apportionment of enrollments in 
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the model could perhaps be made on the basis of the several states 1 
shares of the GNP, the value ■ of- manufactured goods, the number of 
scientists and engineers employed, or other similar indices. Such 
a basis, however, has been rejected'. 

Two major factors were considered in the rejection of "local 
manpower needs" as the primary basis for modeling a system of engi- 
. neering technology education. First, co-ntemporary society is highly ' 
mobile. Individuals do not necessarily seek employment in the. com- 
munity in which they were educated. Nor does an employer need to 
rely on local sources .of manpower: he can recruit from the nation. 
Hence, contiguity qf tedticational and "employment opportunities appeals 
1 not to be of primary importance. And secondly, a less disproportionate' 
distribution of industrial/ technological activities in the United 
States seems desirable; -since a factor which will tend to influence 
« site-selections by new or expanding industries is the availability 

of technical manpower, the existence j>f engineering technology pro- 
. grams in, all states, implying manpower availability in all states, 
seems likely to fayor an ultimately more uniform distribution of * 
industries. 

Utilizing Existing Resource^ 

f \ 
Because the costs of higher education have escalated greatly -in 

recent years, and because education is competing for public support 
with welfare, highways, law enforcement and other social programs of * 
ma j or importance , it has become highly important that states care- 
( fully assess <the returns from public monies spent and', insofar as 
J possible, optimize, ^ost-benef it ratios. The nature of engineering 

technology education is inherently such that both its ca^tal and its 
operating casts are relatively high when compared to mdsrother Kinds 
^of education; states must be especially careful in assigning prior- 
ities in this area. The implications for modeling are that, to , • 
minimize cosj^,'any needed inc^jases in enrollments should be dis- 
tributed almost entirely to existing facilities and programs, with 
-.Jew *hew programs provided. This concept, too, is re j ecfted--not y 
because it lacks validity but*,- rather , because it seems to discount 
the socially and culturally more 'important philosophy of service to 
students, that is, provision of reasonably accessible educational 
programs to all young people, regardless of theiJ ethnic and socio- 
economic backgrounds or the region of the country in which tftey 
happen to reside. The existence of engineering technology education 
ppportunities in\all states,' tften, Sfeems a highly desirable goal^ 
one to be sought ^n spite of cost considerations alone. .:> 

ID! ■ 
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" The Detailed Model 

Table 79 gives a detailed statistical model for engineering 
technology education. In the table , -proj ections of enrollments 
and graduates are given, apportioned among the states according to - 
their population as determined in the 1970 <census. Footnotes to the 
table gi<re information abouO the projection techniques The column 
totals for the detailed model are quite comparable to the gross 
estimates of the macroscopic model given earlier. 

Asses sment of the Model 

\ 

A statistical model of the type' given here is subject to a 
variety of weaknesses, but may also have some general virtues. The 
shortcomings and possible strengths are discussed in the following: 



esses 



Population Base. --The individuais who will enter college during 
the period 1970-80 and who consititue the population pool from which 
engineering' technology s1?udents will be drawn are predominantly young 
people now in the 8-18 age bracket. Individuals in this cjge bracket 
are not necessarily uniformly distributed demographitally ; hence, 
apportionment of "'quotas" pf engineering technology students according 

^to total' population rather than to the t 8-18 year old population group 
produces some* biases. While -the model is not extremely sensitive to 
this factor, it does tend to inderest'ifijate quotas in the mdre pop- 

*ulous states and to overestimate them m less populous onas . 

Choice by 'Stud&*ffrT\$omk research has indicated that students 
whose glomes are in rijral and small town environments choose tech- 
nology curricula in college relatively more often than do students 
from urban environments . ^ In this mode]*, no accountr'has been taken 
of 'such a fcjroclivity. .The bias tends to underestimate the quotas for 
states in which an appreciable fraction o-f tfie population resides in 
ry^fc* areas or small towns. % 

Retention ^at6e.--In the model, it has 'been assumed that the 
over-eLU retention rate for students enrolling in engineering tech- 
nology' programs woyld be 50 percent; this is, a fairly optimistic 

.assumption, since retention rates hisfbrically have averaged only 
*+0 percent. Unless the retention rate can be raised to a 50 percent 

,level, only about 26,i+0O graduates, rather than 33 ,000, -would be 
l^boduced .annually , a serious shortfall in meeting manpower needs. ^ 

Jfor 33 ,000 graduates to be produced -at a ^0' percent attention rate , 
approximately 82,000 freshmen woulff be needed annually, a level un- 
likely to be reached. 



See , f or, example , Chapter 7 /J Q n 
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TABLE 79. --Projections of Annua.l Enrol lments in and Graduates f rom* Eng i neeri ng Tecnnology Education 
< Programs: A Statistical Model, 
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j 1 )populat1on fl-gures f rom *PC ( PI ) -1^ ( 19 70 Census of Population, U.S- Department of Commerce, Bureau- of the Census 



N 2 «N 1 x(66, 000/200, 295, 000) , assuming a needed first-enrollment 1 np\it of ; e6,000; results rounded to nearest 



rounded to nearest 5; assumed 35 percent attrition rate during freshman year 



.(2) 

( 3 )N^«.65xN 2 

( 5 )n 5 «.5xN 2 ; assumed, o vera 1 1 retention rat* of 50 percent.' 

^ 6 ^ N 6* * 4xN 5 ; assum e d 40 percertt w1 1 1 contl nue toward baccalaureate degree. 

^ 7 ) N 7 « . 9xNg ; grounded to nearest ET; assumed JO percent attrition rate during junior year. 

| 8 JW N 7- ... 

1 9, Ng« # 85xN g ; assumed overall retention rite of 85 percent in upper division programs. 
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Furthermore, it has been assumed - that approximately two-thirds 
of ttiose who enter as freshmen would enroll as sophomores. The 
experience of some institutions has been that attrition during the 
freshman year is greater than assumed here, A greater* freshman 
attrition would imply a smaller- sophomore class and* smaller total 
enrollment . Fortunately, estimates here do hot affec^j other data 
provided the overall retention rate^ is maintained at 50 percent. 

'Hatching Graduates to Jobs.--h fundamental assumption in the 
model has been that a national manpower need for 3 3,000 college-trained 
engineering technicians could be met by providing 33,000 graduates of 
engineering technology curricula. Such an assumption may be unreal- 
istic; experience indicates that a certain proportion of college 
graduate^ never, enter the field for which they prepared. A decent 
survey of engineering technology students 1 suggested that 14 percent 
Vould not seek employment directly related to the^Lr edycation. Al- 
though some who responded in such manner were expecting to ent'er the 
service and hence were undecided about their future care^ } at least 
10 percent had definite" plans to abandon engineering technology , even 
though they were successfully completing their programs, If such 
.circumstances are prevalent', then more than 36, 000 graduates (72 , 000)' 
freshmen) will be required annually for 33,000 eventually to reach 
the job market. The model does not account for graduates leaving / 
the field, and hence may underestimate, national enrollment needs. j 

Estimation of Manpower Needs .--The projection of manpower needs 

for '33,000 college-trained technicians, used in constructing the model, 

is subject to the inadequacies of all such projections. It is believed 

the projection is slightly ^conservative and underestimates somewhat 

the increased opportunities for technicians in the future job market • 

i 

On the other hand, the economic climate at the beginning of this decade 

4 

is not encouraging, -so that a'projection of 33 ,000 technician and tech- 
nologist jobs-relieved conservative--could be an optimistic over* 
estimate instead. r ' 

Estimates of Student Sources . --The model has assigned "Quotas" 
of entering freshmen engineering technology students to each state. 
A basic assumption is that such quotas* can be filled; this may well 
not be the <5afse. Many young people, for example, who are quite com- 
petent and -fully capable of completing a technology program appear to 
bes^eekmg educational programs and careers in social fields rather 
than in science and technology beeause the latter currently have ^ 
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ja "bad image." In addition, many others with interest in technical 
fields have not properly prepared themselves in high school and af*e 
deterred from entry into associate degree programs. To the extent 
that the potential supply of students may not match the projected 
entering enrollment, the model is weak. No estimates of discrepancies 
are available. • ' 

Strengths 

Guidelines for Evaluation. — A special virtue of the model, con-"" 
structeti as it is, is that it provides educators in each state with > 
rough statistical guidelines, by which they can evaluate their state's 
efforts in the engineering technology ddmain. 

* 

Conservatism of Model* --The model is essentially conservative, 

in that it suggests in only a few cases that statewide efforts be 

drastically increased. It seti^ educational goals which can reasonably 

be reached. Furthermore, there seems small likelihood that this model 

will produce an oversupply of technicians. Most' of the assumptions 

made (e.g., attrition rates, graduates leaving the field, etc.) were 

weighted toward enhancing the manpower supply; if these assumptions 

. i * 

are invalid, a lessee supply of college-trained technicians will be - 

available, resulting in a manpower deficit rather than a y surplus of 

highly educated but unemployed technical workers. 

Matchvng Soctal Aspirations . --The model, in using both associate 
and baccalaureate degree graduates^to satisfy projected manpower^ needs 
for "college-trained" technicians, has completely abandoned the cpn- 
cept of "terminal" education; it assumes the existence of avenue's 
to % engineering technology students f or *upward mobility, both to ful- 
fill personal aspirations and to respond to parental, peer group and 
other societal pressures. Such avenues are believed /essential in 
the educational system. 

r 



i Assessment of Contemporary Progress 

An initial, tentative assessment of contemporary progress in 
engineering technology education may be made by comparing available 
data on enrollments and graduates with the corresponding projections 
in the model. tables 80 and 81 are illustrations of how such an 
assessment can ife made. These tablets contain relevant statistics, 
state-bywstate , along with a symbol to indicate roughly how* each 
state "conforms" to the model. 

i ] 

Extreme caution must be observed in interpreting Tables 80 and 

81 or drawing inferences from them; these tables are illustrations ^ x 
only. Unfortunately, authoritative and reliable data are 'not ayAil- 
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TABLE 80. --Comparison of Modeled and Actual Values of tower 01 vi s'ion. Enrol lments ana Associate Degree Graduates 
in Engineering Technology Eroqr*ams- 
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9 79 




740 


276 


- 


Haw a 1 i 
n a w a I I 


A O ft 

420 


1 ft A 

1 04 




125 


28 


- 


i u a 1 1 u « 


1 O ft 

380 


2 1 3 


— 


1]5 


59 


- 


Tl 1 <| n n<lc 


6,090 


3,172 




1,815 


91 7 


- 


T n H 4 ana 

i n u 1 ana 


' 2 , 780 


a noo 
4 , Ooo 


+ 


845 


1,111 


+ 


I o w a 


1 ,520 


1 ,453 




460 


414 




Kansas 


1,190 - 


5 79 


— 


360 


1 37 


- 


V A n 1 L t Vi 

n6 n t l^c Ky 


1 ,720 


251 


- 


520 


36 


- 


Louisiana 


i ft i ft 
1 ,930 


295 


- 


585 


81 


- 


Ma 4 no 

nil rlc 


5 30 


354 




1 60 


1 1 7 




Maryland / 


2 , 1 00 


975 




D Jg 






Mas sachuse tts 


3,050 


5,230 


+ 


. 925 


1 ,745 


+ 


Michigan 


4,780 


3,920 




1 ,450 


944 




Minnesota 


2,050 


4 30 




620 


96 




M1ss1 sslppl 


1 ,190 


480 




355 


128 


<> 


Missouri 


2,510 


1 ,595 




760 


391* 




Montana 


370 


126 




110 


34 




Nebraska 


800 


1 ,380 


+ 


240 


6 7 7' 


+ 


Nevada 


270 


81 




80 


20 




New Hampsh 1 re 


410 


624 


+ 


120 


1 78 


+ ' 


New Jersey 


a, 840 


839 




1 ,165 


206 




New Mex1 co» o ' 


550 


450 




165 


1 71 





I 



Enrollment's 



Graduates 



Political Unit 



Projected 3 


Actual° 


Conformi ty c ' 
• 


Projected 3 

t 


Actual b 


Conformi tyc 

• 


" ^\ 
9,790 / 


13,886 


+ 


2., 9 70 


3,195 




2,710 / 


2 ,551 




820 * 


' 664 


- 


330 


788 


+ 


100 


203 


" + 


5 *760 


5 ,964 




1 ,745 


1 ,464 - 


- 


1 ,360 


1 ,957 


+ 


410 


323 




1 ,130 


3,098 


+ * 


340 


515 


+ 


6,350 


4 ,980 




1 ,925 


1 ,421 


- 


500 


240 


- 


150 


65 


1 


1 ,370 


1,344 




415 


356 


- 


370 


258 




^110 


37 


- 


2,080 • 


639 




630 


116 




4 5,990 


2 ,804- 




1 ,815 


678 




580 


956 


+ 


1 75 


234 


+ 


240 


349 
1 ,550 


+ 


70 


126 


+ 


2,470 , 




?45 


- 356 


» 


1 ,820" 


■ 2,332 


+ 


550 


420 




920 , 


614 




2 80 


153 




2 ,380 


„ 3,552 


+ 


720 


958 


+ r 


190 


v 21 1 


* 


55 


54 





New York 
North Carolina 
North Dakota 
Ohio 

Okl ahoma 
Oregon 

Pennsy 1 vani a 
Rhode Island 
Southj Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
VI rg1 n i a 
Washl ngtoa 
•'We.st Virginia 
Wisconsin 
Wyoming 



to 
or 
I 



d Data from Table 79. 

D Data estimated 1n many cases; see Appendix G 

c Apparent surpluses (+) or deficits (-) 
of actual values when compared to model; 
no entry indicates reasonable conformity 
to model. . 
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TABLE 81 .--Comparl son of Modeled and- Acti^l Values of Upper 
i GracKiates 1 n Engl neerlng _ Technology Programs. 



Di visionjnrol lments^ and Baccalaureate Degree 



Political Unit ^ 


4 

Enrol 1 menis 




'i " • 1 


Graduates 




- Projected^ : Actualb- 


Conf orrqi ty <i 


■Projected 3 


— ■ * 

Actual b 


Conforng^# c * 


*Tot«ry.$: • j ' 


25 ,055 20 ,1 32 

• * 




; ir — — 

»1 ,220 


5, '084 





A] abama 
* Al aska - b 

-Ari zona 

Arkansas 

Cal 1tf orn1 a 

Colorado 

Connecti cut 

Del a#are 

D.C. 

FloHda 

Georgl a 
Hawaii 

I dah # o 

Illinois 

In^ana 

Iowa:7 

Kansas 

Kentucky 

Lou1 s1 ana. 

Nalne 

Maryl and 

Massachusetts 

Michigan 

M1 nnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North* Dakota • 



4T0 
40 
225 
225 
2,450 
265 
3 



n. 



ERJC) 



95 
845 
570 
95 
95 

1 ,350 

645 
350 
265 
400 
440 
115 
475 
710 
1,100 
475 
,265 
, 570 
75 

* 190 
55 
95 
890 
135 

2 ,260 

630 
75 



• 280 
0 

743 
8 

1 ,276 

326 
0 

ro 

0 
81 
493 
64 

0 

2 ,"192 

525 
0 

818 
236 
950 
0 

366 
478 
1 ,322 
« 198 
42 
322 
160 
'80 
0 
0 
20 
114 
1 ,240 
128 
0 





1 87 

1 QJ 


58 




1 7 


n 

u 


+ 


• 1 Ul 


1 O 0 




1 u c 


c 




l ins;- 


^A A 
J 4 4 


+ ' 


1 1 Q 

1 1 j * * 


7Q 

/ j 




1 7fi 
1 / u 


n 
u 




^ A 


n 

u 










o 7 A 
J / 4 


i j 




lDO . 


D D 




1 A O 


5 1 0 




42 


0 




t> 1 c 


a 7 n 

4 / U 






A I Q. 
4 1 

» n 


+ 


119 s: — 


170 


+ 


179 . \ 
196 '\ 


27 
321 




.51 ' ' 


0 




• '• 212 


156 




315 


70 


+ 


494 


249 




212 


• 84 






22 




• 255 . 


83 


+ 


34 


' 40 


" ( 


85 


30 




25 


0 




■ 42 


0 




400 


5 




60 


,?8 




1,013- 


ft 2 




281 


19 




34 


0 



20 



^ 



Enrol 1 merits 



Graduates 



Political Unit 



Projected 3 Actual- Conformity 0 " Projected 3 - Actual^ Conformity 0 



Ohio 


1 , 330 


1 1 83 




Ok 1 ahoma 


J 1 u » 


r?2 




0 re go n 




□ o o 


X 
T 


Pennsyl vanl a 


1 ,460 


543 




Rhode Island 


115 


70 




South Carolina 


320 


68 




South Dakota 


75 


0 




1 cnnessee 


4/5 


942 


+ 


Texas 


, 1,390 


1 ,270 




Utah 


135 


89 7 


+ 


Vermont 


55 


8 




Virginia 


570 


252 




Washington 


, 420 


189 




West Virginia 
Wisconsin ° 


210 


165 




* 550 


1 ,333 


+ 


Wyoming 


40 


0 




•Data from Table 79 








b Data estimated 1n many 


cases; see Appendi 


x G. 





c Apparent surpluses (+) and deficits (-) 
of actual values when compared to model; 
no entry Indicates reasonable conformity 
to model . * ' 



595 
136 
-119 
655. 

51 
145 

34 
212 
220 

60 
. 25: 
255 
187 

93 
. 246 

17 



436 
37 
136 
162 
24 
16 
0 

242 
190 
202 

ft 2 
63 
44 

42" 
201 
0 
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able f*or either engineering technology enrollments or engineering 
technology £raduate§; hence, many of the "actual" values listed in 
these, tables are estimates ±>ased on/past trends rather thar^ being 
•reported data. - For this reason, then, the tables may badly mis- 
represent the relative effort, in some states. 

0 

Since the available data -related to enrollments in and graduates 
from engineering technology curricula are often incomplete /a method 
has been devised to estimate these statistics for use here. The 
method is based on two premises: 

1. From orte year to the next , enrollments at a particular 
institution do not changer greatly, that is, a missing entry 
for enrolliften.t in 1970 is probably very nearly the same as 

*a reported* •enrollment for 196<h 

2. The ratio of total enrollment to graduates is sensibly a 
constant with a numerical value of 3.64. 

'The first premise was established by examination of all data which 
were^ complete for consecutive years." While some variations were 
noted, i.e;, enrollments did not remain exactly constant, these ■ ' 
variations were almost insignificant when total enrollments by 
state were considered. The second premise was established by 
computing this ratio for all institutions which has complete data 
on* enrollments and* graduates for two consecutive years. 

Data problems of the type illustrated in Table 8 2 are commonly 
Encountered. A college may. report enrollment but not graduates 
(College A in the illustration), -graduates but not enrollment (College 
B jln the example), or neither enrollments nor graduates (College C). 
In the first two cases, the 3.64 ratio can be appropriately applied 
to estimate the missing entry. In the third case, no estimate can 
be made unless historical data, of some type are available. F.or 
example, if^ College C had reported an enrollment of 180 for the pre- 
vious year (or any previous year)," that figure would be assumed' for 
the current year; then graduates would be^pmputed as before. -< 

The results of such estimations are shown in Table 83. 



TA&LE 82.-- 


Illustrative* 
Data Problems 

• * 


Example of 


TABLE 83. -.-Illustrative Examples 
of Estimates Used in 
Solving Data Problems. 


Ins frl tutlon 


Total 
Enrol Iment 


c 

Number of 
Gradua te$ 


Institution - Jot * ] ¥ Number of 
Enrol lment Graduates 

* 


Col 1 ege A 


i 

425 




College A 425 ne 


College B 




' 60 


Col 1 ege B 218 6-0 


College C. 




-v 


Col 1-#ge C ho ' 49 

gar j^**' 
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' v 'to 

. No claims of reliability or validity r are mad© for the technique, 

and no estimates are available for the probable error in the results. > 

The estimates generated, however, are believed valuable in presenting 
» 

a* general overview of the national enterprise in engineering technology 
education. - * 

/ 1 

Comments on Tables 80 and 81 

• 9 

An examination of Table 80 'reveals that only 20 states ftave p 
enrollments in associate degree (or lower division) engineering 
technology programs that equal or exceed the enrollment called 'for 
ty the model; an *even smaller number of states (15) produce a number 
of graduates which equals or exceeds the number *pr»jected. In the 
T Jnil*ed States as a whole, enrollments would have to be increased by 
approximately 1C percent to achieve the level deemed desirable. It 
may also be important that at least five states are providing for 
less than one-fifth their "quotas" of enrollment; where this is true, 
a serious lack of educational opportunity exists. It is also inter- 
esting to observe that the more populous states--notab±y California, 
New York and Fennsy lvania--conf ojm closely with the model. 

The data in Table 81 are even less encouraging. Only 12 states 
have enrollments in baccalaureate engineering technology programs 
("Upper division) that equal or exceed the model projections, and'' 
only 3 produce graduates in the numbers projected. Relative to pro- 
jected neea, the educational opportunities existing for baccalaureate ^ 
study are proportionately far fewer than for associate degree or 
lower division study. The national •production of graduates is less 
than half that projected in the model. 

7 

Summary and Conclusions 

* A stati stical N moldel for engineering technology education suggests 
that, in oHer to meet projected national manpower needs 'for approxi- 
mately 3 3 , 000 college- trained technicians per year, ab^tj 66 ,000 fresh- 
men annually must enter engineering technology curricula . The model 
allows for half of those who enter to graduate. If 3"3,000 engineering 
technicians were graduated annually, the technical manpower gap which 
has existed for decades would be closed. The model also provides 
for 13,200'of the 3 3 , 0 0 0 ^ annual recepients of associate degrees in 
engineering' technology to seek bacca laureate degrees in that field, ^ 
and predicts that 1 1 , 2 2 0 will atftain the higher degree. The total 
number of "college- trained" technicians (with associate or higher 
degrees') matches in the model the number of job opportunities expected 
to*be available. 
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Th e model carries with it' implications for student enrollments 
in engineering technology education programs at various levels*, it 
also implies an apportionment of these students on' a state-by-state 
basis./ Comparison of ttie projections of the detailed model with 
actual^ data shows roughly ho^ each state is meeting the challenge of 

providing equally accessible educational opportunity in this curricular 

/ 4 

area j 

/The projections of the model are, in the case of most states, 
moderately or "substantially greater than the actual enrollments or 
graduates in those states. The discrepancies are not uncorrectably 
larfge; progress can and should r be made toward achieving a more real- 
istic match between educational efforts and manpower needs. 

/ 4 
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APPENDIX A 



^ INSTITUTIONS TENTATIVELY IDENTIFIED AS 

OFFERING ENGINEERING TECHNOLOGY 
' , * CURRICULA 



Institutions Offering Curricula f ,Which t,ead to the Award of Associate 
Degrees 5 . 

ALABAMA 

Gadsden State Junior College * 
Jefferson State Junior College 

John C. Calhoun State Junior College ^ 
Snead State Junior College 

University of Alabama, Huntsville . ' 

ALASKA 

Anchorage Community Qollege 

ARIZONA 4 ' 

Arizona Western College 
Cochi$e College 
DeVr^ Institute of Technoio&y 
Eas^eri^Arizona College 
Glendale Community College 
Maricopa Technical College t 
Mesa College 
Phoenix College 

AR^SAS 

^' Southern State College 

Southwest Technical-Institute 

t 

CALIFORNIA 



s - 
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Allan Hancock College 
American River College % 
Antelope Valley College 
Bars^tow Junior College 
Buttje College ' 
* Cab^illo College 
Ce/fitos College 
Cha^ot College ' . 
Chajffey College 

• / -203- 21 
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CALIFORNIA (Continued) 

City College of^San Francisco 
J Cogswell Polytechnical College , 
College of Marin 
College of the Deser.t 
College of the Siskiyoys 
Compton College 
Contr£ Costa College • 
Cuesta College 
Cosumnes River College • 
De Anza College 
%iablo Valley College" 
East Los Angeles College 

4 

El Camino College 

Foothill College 

Fresno City College 

Fullerton Junior College 

Golden West College 

Grantham School of EngineerThg 
r* 

Hartnell College 
He^ld Engineering College 
Humphreys College 
Los Angeles City College 

s- . Angeles Harbor College 
Los Angeles ^Pierce College 
Los Angeles Yalley- College * 
Mesa Community College 
Modesto Junior College 
Monterey Peninsula College 
Moorpark College 
Mount Sara Antonio College 
Napa Col^^ge 4 

Northrup Institute of Technology 
Orange Coast College 
Pasadena City College r «. 
Rio Hondo College ^ 
Sacramento City College 
San Bernardino Valley College 
San Diego Community College 
San Joaquin Delta College 
Santa Ana College 
Santa Barbara College 
Santa Monica City College 



Santa Rosa College 
Shasta College 

.Sierra College ( 

Solano College * 

Southwestern College 

Taft College 

Ventura College 

Victor Valley College 

West Hills College J 
*West Valley -College 

Western States College of Engineering 
Yuba College ♦ 

COLORADO 

Arapahoe Junior College 
Lamar Junior College 
Mesa College 

Metropolitan State 'College 
Northeastern Junior College 
Otero Junior College , 
South Colorado State College 

CONNECTICUT * 

Hartford State Technical" College < 
Norwalk State Technical College 
Thames Valley State Technical College 
Ward Technical 'Institute 
Waterbury Technical Institute 

DELAWARE 

Delaware Technical £ Community College 
D.C.." 

Washington Technical Institute 

FLORIDA 

Brevard Junior College 

Broward Junior College 

Central Floridar Junior College 

ChipolaVuniop/ College 

Daytona bSStfn Junior College 

Edison Junior College 

Embry-Riddle Aeronautical University 

Florida Junior College 

Florid* Keys Jutiiotf College 



F^RIDA (Continued) 



Gulf Coast Junior College 
Indian River Junior College . \ 

Lake City Junior College 
Lake-Sumter Junior College 

. Manatee Junior College 

Maspey Technical Institute 

Miami-Dade Junior College-North 

North Clearwater Technical Education Center 

Okaloosa-Walton Junior College 

Palm Beach Jynior* College 

Pensacola Junior College 

Polk Junior College 

St. John's River Junior College 

St.- Petersburg Junior College 

Santa Fe Junior College 
* Tampa Technical Institute 

Valencia Junior College 

GEORGIA 

DeKalb College 
Southern Technical Institute 

HAWAII ' * 

Maui Community College 

IDAHO , 

Boise State College 
' Ricks College 

ILLINOIS 

Belleville Junior College . 
Black Hawk College 
Bradley University 
Chicago City College - ^enger % 
Chicago City College - Wright 
Chicago Technical College 
'* College of DuPage - Glen Ellyn 
Cgyne Eltectronics Institute^ 
.Crane ilJunior College 
DeVry'Institute of Technology 
Highlands Community College 
Illinois Valley Community College 
Industrial* Engineering College 
Joliet Junior College 
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ILLINOIS (Continued) 
Kaskaskia College 

Parks College o£ St. Louis UniArsity 

Prairie State College 

Xpek Valley College ' 

Sauk Valley College 

Spoon Valley College 

Thornton Community College 

Wm. Rainey Harper College 

INDIANA 



ITT Educational Services - Evansville <^ 

ITT Educational Services - Ft. Wayne 

ITT Educational Services - Indianapolis 
Purdue University 

Tri-State College 

Valparaiso Technical Institute 

Vincennes University 

IOWA 

East Iowa Community College - Clinton 
East Iowa Community College Davenport 
East Iowa Community College - Scott 
Ellsworth Community 4 College 

Hawkeye Institute of Technology - x " 

Iowa Central Community ^>llege 

Iowa State University Technical Institute 

[Iowa] Area XV Community College 

Iowa Western Community College ^ 
^Ikirkwood Community College 
\ * Marshalltown Community College 

North Iowa Area Community College 
/ Southeastern Community College 
Waldorf College 

KANSAS 

'Butler County Community Jr. College 

i 

Hutchinson Community Junior College 

Kansas City Community Junior College ■ ' 

Kansas Technical Institute 

KENTUCKY 

* Ashland Community College 
Eastern Kentucky University 
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^KENTUCKY (Continued) , 

Henderson Community College 
^ Lexington Technical Institute 

Somerset Community College 

Southeast Community College 

Western Kentucky University 

LOUISIANA 
I 

Delgado College 
'Northwestern State College 

MAINE . . / ' 

Southern Maine Vocational/Technical Institute 
University of Mainfe 

MARYLAND 

Allegany Community College 

Anne Arundel Commiinity College 

Capitol Institute of Technology 

Catonsville Coraraamity College 

Charles County Community College 

Community College of Baltimore 

Hagerstown Junior College 

Harford' Junior College f 

Montgomery College 

Prince Georges Community College 

MASSACHUSETTS 

Blue Hillfe Regional Technical Institute 
^Berkshire Community College 
Dean Junior College' ± 
Franklin Institute of Boston 

ft 

Gennesee Community College *^ * . 
Holyoke Community College 
Lowell Technological Institute 
Massasoit Community College 
Merrimack College 
Mount Wachusett / £tflfimTJTr±1^ College 
.K^f Newton Junior College 

North- Shore CorniWni*y College 
N9rtheast Institute of Industrial Technology 
Norther rTEs sex Community College, 
Quinsigamond College 

Springfield Technical Community College 
Wentworth Institute 2 * ^> 

Southeast Massachusetts University 
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MICHIGAN 

Delta College 
Ferris State College 
Flint Qojjaraufiity Junior College * 
Grand Rapids Junior College 
Henry Ford Community College 
"Jackson Community .College 
Kellogg Community College 
Lake Michigan College 

^/Lake Superior State College 
Lansing Community College 
Laurence Institute of Technology 
Macomb County Community College 
Michigan Technological University 
Mpnroe County Community College 
Muskegon Community College 
Oakland Community College 

^Schoolcraft College _ * 
Southwest Michigan College ^ 
Washtenaw Community College 

MINNESOTA 

Anoka-Ramsey State Junior Cpllege 
Austin State Junior College 
Bibbing State Junior College 
North Hennepin State Junior College 
Rochester State Junior -College 
SfcG^uthwest Minnesota State College 

MISSISSIPPI 

Jackson County Junior College 
Jefferson Davis Junior College 
Mississippi Delta'junior College 
Mississippi Gulf Coast Junior Colleg 
Northeast Mississippi Junior College 
Northwest Mississippi Junior College 

MISSOURI 



Central Technical Institute 
Crowder College 
Findlay Engineering College 
Florissant Valley Community College 
Forest Park* Community College 
Jeff <j^|g^£611ege 
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MISSOURI (Continued) *~ 

Kansas' City Metro Junior College 

Linn Technical 'College 

Meramec Community College 

Mineral Area College r 

Missouri Southern College 

Penn Valley Community College 

MONTANA 

Miles Community College 
Northern Montana College 

NEBRASKA 

4 

Central 'Nebraska Technical College 
Nebraska Vocational/Technical School 
University of Nebrask^ - Curtis 
University of Nebraska - Omaha 
Western Nebraska Vocational/Technical Scho 

NEVADA 

ElkcJ' Community College 
Nevada Technical Institute 

NEW HAMPSHIRE 

New Hampshire Technical Institufte 

+ 

New Hampshire Vocational/Technical College 

NEW JERSEY ' / 

Cumberland County College • 
Mercer "County Commuhity College 
Middlesex Count^College ' 
^ Ocean County C^Bge / ^ 

Union County T^Rinic^l Institute 

NEW MEXICO 

Eastern New Mexico University 
New Mexico Highland(s University 
New Mexico Junior Qollege 
New Mexico State University - Las Cruces 
North American Technical Institute 
Western New Mexico University 



NEW YORK 

Academy of Aeronautics 
Adirondack Community College 
Auburn Community College / 
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NEW YORK (Continued} 

Bronx Community College 

Broome Technical Community College 

Duchess Community College 

Erie Community College 

Fashion Institute of Technology 

Fulton-Montgomery Community College 

Hudson Valley Community College 

Jamestown Community College 

Mohawk Valley Community College 

Monroe Community College 

Nassau Community College 

New York City Community College 

*l€w Yor£ Institute of Technology 

Niagra County Community College 

Orange County Community College 

Paul Smith 1 s College 

Queensborough Community College 

Roc^ster Institute of Technology 

RCA Institutes 

Staten Island Community College 

Suffolk County Community Collage 

SUNY/ Buffalo 

SUNY/ATC/ Alfred 

SUNY/ATC/Canton 

SUNY/ATC/Cobbleskill 

SUNY/ATC /Delhi 

SUNY/ATC/Farmingdale' 

SUNY/ATC/Morrisville 

Ulster County Community College 

Vorhees Technical Institute 

Westchester Community College 

NORTH CAROLINA 

Asheville-Buncomb* Technical Institute 
Brevard College 

Cape Fear Technical Institute , 
Catawpa Valley Technical Institute' 
Central Carolina Technical s Institute 
Central Piedmont Community College 
College of the Albermarle 
Davidson County Community College 
Durham Technical Institute 
Fayetteville Technical Institute 
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NORTH CAROLINA (Continued) 

Forsythe Technical Institute 
Gaston College 

Guilford Technical Institute 
Isothermal Community College 
Lenoir Community College 
Pitt Technical Institute 
Richmond Technical ' Institute 
Rowan Technical Institute 
Southeastern Community College 
Surrey Community College 
Technical Institute of Alamance 

* Wayne Community College 
Wilkes Community Cpllege 

Wilson County Technical Institute 
W. W. Holding Technical Institute 

NORTH DAKOTA 

North Dakota State School of Science 

OHIO ' 

African Technical* Institute 

Cincinnati Technical Institute * 

Clark County Technical Institute 

Cofumbus Technical Institute 

Cuyahoga Colnmunity College 

Electrical Engineering Technical institute 

Franklili University 

Griswold Institute 

IT? Technical Institute 

Kertf S tate University 

Lakeland Community College 

Lorain County Community College 

M^funi University Middletown 

Miami University - Oxford 

North -Central Ohio Technical Institute 

Ohio College of ^pj51ied Science 

Ohio Technical College 

Sinclair Community College 

* Tri-County Technical Institute 

' , University of Akron Community College 

University of Dayton Technical Institute * 

University of Toledo, Community & Technical College 

» * 

t 
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OKLAHOMA , 

Connors State College 
East Oklahoma State College 
Murray State College . 
Northeast Oklahoma ASM College 
North Oklahoma College , 

Oklahoma^ State University - Oklahoma City 
Oklahoma State University - Stillwater 
Sayfre Junior College 

OREGON 

Blue Mountain Community College 
Central Oregon Community College 
Lane Community College 
Mount Hood Community College 
Oregon Technical Institute 
Portland Community College 

Salem Vocational/Technical Community Colleg 
Southwest Oregon Community College 
Umpqua Community College 

PENNSYLVANIA 

Bucks County Community* College 
Community College of Allegheny County 
Community College of Beaver County * 
Community College of Delaware County 
Community College of Philadelphia 
Harrisburg Area Community College 

' Lehigh County Community College 
Luzerne County Community College 
Northampton County Community College 
Pennsylvania State University 
Point Park College 
Spring Garden College 
Temple University Technical Institute 
Williamsport Area Community College 

v York College of Pennsylvania 

RHODE ISLAND 

Rhode Island Junior College* 
Roger Williams College 

SOUTH CAROLINA > 

Florence Technical Education Center 
4 Greenville Technical Education Center 



-214- 



SOUTH CAROLINA (Continued) 

Midlands Technical Education Center 
Palmer College 

Piedmont Technical Education Center 
Spartanburg Technical Education Center 
Tri-County Technical Education Center 
York County Technical Education Center 

SOUTH DAKOTA 

Lake Area Vocational/Technical School 
Southern State College 

TENNESSEE 

Chattanooga State Technical Institute 
Nashville Stlte Technical Institute 
State Technical^J^titute. - Memphis 

TEXAS 

^--TtoAEiilo College 
Del MarNjo liege 
El Centrcj College' 
Grayfeon ^county Junior College 
Hendproon 'County College 
Hill JunioT College 
Kilgore College 
Le Tourneau College 
Lee College 
San- Antonio College 
San Jacinto College 
South Plains College 

Tarrant County Junior College District 
Texarkana College 
Texas State Technical Institute 
University of Texas/Arlington 
Wharton County Junior College 

UTAH 

Brigham Younk University 
Utah Technological College - Provo 
Utah Technological College - Salt Lake 
Weber State College 

VERMONT ' " v 

Vermont' Technical College 
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1 . 

VIRGINIA 

Blue Ridg^ Community College 

Danville Commijfity College 

D. S. Lancaster Community College 

Ferrum Junior College 

John Tyler Community College 

North Virginia Community College 

Old Dominion University - 

Fadf ord-Nublin Community College 
Tidewater Community College 
Virginia Western Community Collf^^ 
Wytheville Community College 

WASHINGTON 

Centralia College ^ 
Clark College 

Columbia Basin Community College 

Fort Steilacoom Community College 
, Grays Harbor College ^ 

@reen River Community College 
* Highline Community College 

Lower Columbia Collag* j 

Olympic Community College 
^Peninsula Community College 

Seattle Community College 

Shoreline Community College 

Skagit Valley College 

Spokane Community College 

Wenatchee Valley College* 

Yakima Valley College 

WEST VIRGINIA ' f 

Bluefield State College 

Fairmont State College 

Potomac State College 

West Liberty State College 

West Virginia Institute of Technology 

WISCONSIN 

District Eleven Vocational/Technical School 
District One Technical Institute 
Fond du Lac Technical Institute 
Fox Valley Technical Institute 
V Kenosha Technical Institute 
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Madison Area Technical College 
Mid-State Technical Institute 
Milwaukee' Area Technical College 
Milwaukee School 'of Engineering 
North Central Technical Institute 
Northeast Wisconsin Technical Institute 
Racine Technical Institute L 
Rice-Lake Vocational/Technical School 
jbupericr lechnical Institute 
Waukesha County Technical Institute 
Western Wisconsin Technical Institute 

WYOMING 

Casper College 
Central Wyoming College 
Northwest Community College 
Sheridan College 

OTHER 

University of Puerto Rico 



/ 



Institutions Offering Curricula Which Lead to the /i^ftfrd of Baccalaureate 
Degrees • m 

ALABAMA ^ 

Alabajna A£M University 
Tuskegee Institute 

ALASKA 

ARIZONA 

Arizona State University 

DeVry Institute of Technology - -Phoenix 

Northern Arizona University 

ARKANSAS 

John Brown University ' A 

CALIFORNIA ' 

California -State College - Long Beaah 

California State -Polytechnical College San Luis Obispo 
Northrup Institute *bf , Technology 
San Jose State College - 
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COLORADO . 

Metropolitan State College 
South Colorado State College ■ 1 

CONNECTICUT 

DELAWARE ' 1 

D . C . 1 ' 

FLORIDA 

Embry-Riddle Aeronautical University 
Florida A&# University 
University of South Florida 

GEORGIA 

Georgia Southern* College 
Southern Technical -Institute, 

HAWAII . 

r 

Church College of Hawaii 
IDAHO 
ILLINOIS 

Bradley University 

DeVry Institute of Technology - Chicago • 
Eastern Illinois University 
Industrial Engineering College 
Parks College - St, Louis University 
Southern Illinois University 
University of Illinois 

INDIANA 

Indiana University/Purdue University - Indianapolis 

Purdue University 

Valparaiso Technical Institute 

IOWA 

KANSAS 

Kansas State College - Pittsburg 
Kansas State Teachers College 

KENTUCKY 

Eastern Kentucky University 

Western Kentucky University ** 
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LOUlSlANA 

\ \ 

Louisiana Polytechnic Institute 

Louisiana State University £ 

Northwestern State College , ^ 

Southeastern Louisiana College 

Southern University 

^University of Southwest Louisiana 

MARYLAND * 

Capitol Institute of Technology 
University of Maryland 

MASSACHUSETTS 

K Boston University 

Lowell Technological Institute 
Northeastern University - Lincoln College 
Southeast Massachusetts University 
Wentworth College 

MICHIGAN \ r / 

Northern Michigan University 
Western Michigan University 

MINNESOTA 

Mankato State College 
x ^oor.head State College 

Southwest Minnesota State. College 
University of Minnesota 

MISSISSIPPI < - 

Mississippi State University 

MISSOURI 

Central Missouri State College 
Findlay Engineering College 
Southeast Missouri State College 



f 

MONTANA 



ate Univ^p^it 



Montana State Univapfirty 

NEBRASKA 

Kearny State- College 
University of Nebraska - -Omaha 

NEVADA 

NEW HAMPSHIRE 
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NEW JERSEY - 

Montqlair College 
NEW MEXICO 

New Mexico State University - Las Crijces 
NEW tfORK 

, New York Institute of Technology 1 
Rochester Institute of Technology 
i~ • Syracuse University College 

NORTH CAROLINA 

North Carolina State University 
North Carolina AST University 
University of North Carolina - Charlotte 

NORTH DAKOTA 

OHIO ' . 

Bowling Green State University 
Cleveland State University 
Franklin University 
Kent State University 
Miami University 
Ohio Techical College 
Ohio University ^ 
University of Akron 
University of D&yton 

OKLAHOMA 

Oklahoma State University 

OREGON 

Oregon State University 
Oregon Technical Institute 

PENNSYLVANIA 



/ 



Pennsylvania State University 
Point Park College 
Spring Garden College * 
Temple University 

RHODE ISLAND 

Roger Williams College 
SOUTH CAROLINA 

South Carolina State College 
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SOUTH DAKOTA 
TENNESSEE 

Austin Peay State University- 
East Tennessee State University 
Memphis State University 
Middle Tennessee State University 
Tenne^jiee Technological University 

TEXAS 

East Texas State University^ 
Le Tourneau College 
Texas ASM University * 
Texas Technological University 
University of Houston 

UTAH \ 

Brigham Young University 
Utah State .University 
Weber t State College 
Southern Utah State CoJ.l$ge 

VERMONT 

^University of Vermont 
I 

VIRGINIA 

Hampton Institute 

Old Dominion University 

WASHINGTON 



Central Washington State College 
'Valla Walla College * 
Western Washington State College 

WEST VIRGINIA ' 

Bluefield State College 

Fairmont State College * ' 

WISCONSIN * , 

Acme Institute- of Technology 
Milwaukee School of Engineering 
Stout State University ' 

Wisconsin State University - Platteville 

WYOMING"' _ 

<?°< 

OTHER 
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DtGIN££RlHt; TECHNOLOGY EDUCATION STUDY 



Curriculum Survey 
MATHEMATICS 



Please indicate, by checking the appropriate Spate, trie evttnl 
to which each of the following concepts or topics is treated in 
your |yllabus for the Mathematics courses offered for^ students 
in engineering technology curricula. If your course outlines 
normally include additional topics please add then at the end 
of the list 

Please observe the following codes in checking space* for your 
response 

1 ' hot Covered 

2 s Introduced Only 

* 3 * Brief Discussion 

•» = Covered in some Depth 
S = Covered in Detail 



1 2 3 M S 



The Number System of Algebra 
Sets 

The natural numbers 

The real-number system =»• 

The Fundamental Operations 

The relation of penality 

Addition of monomials and 
polynomi alt 

Subtraction of monomials 
and polynomials 

Axioms and theorems of 
multiplication 

Law of signs for multiplication 

Law of exponents in multiplication 

Multiplication of two or more 
expressions -\ 

Division of algebraic expressions 

Special Prooucts and Factoring 
m+ The product of *.wo oinomials 

The product of two » trinoni al s 
1 The square of a polynomial 
Factoring 

Factors'-TTT- » quadratic trinomial 
Trinomials ^hat are perfect squares 
Factors of a binomial 
Common factors 
Factoring by grouping 
Difference of two squares 
Fractions 

Conversion of fractions 

Multiplication of fractions 

Division of fractions 
. The lowest common denominator 

Addition of fractions 

Complex fractiqns 

Exponents and Radicals 

Nonnegative integral exponents 

fcegetive integral exponents * 

Roots of numbers 

Rational exponents 

Conversion of exponential 
expressions 

The product and quotient of twp^ 



radicals 

RationaMiing monomial danoifcnators 
Changing the order of a radical 
Addition of radicals 
Additional operations involving 
radicals 

Linear end Fractional Equations 
Equivalent equations 
Linear aquation* in one unknown 
Fractional equation* 
Solving stattd problems 



Quadratic Equations 

Solution by factcring 

Solution by completing the 
square 

Complex numbers 

The quadratic formula 

Equations in Quadratic form 

Equations that involve radicals 
of the second order 

Problems that lead to quadratic 
equations 

Nature of the roots 

The sum and product of the roots 

Fectors of a quadratic trinomial 



Functions and Graphs 

Ordered pairs of numbers 
Functions 

Functional not at ion 
Relations 

The rectangular coordinate system 

The graph of a function 

The inverse of a function , 

Systems of Equations „ 

u ffTTbnV l n two variables 

Graphs of equations in two variables 

Graph of a quadratic equation in 
two variables 

Graph of -a linear equation in two 
variables 

Graphical solution of a system 
of equations 

Consistent , inconsistent , and 
dependent equations 

Algebraic methods of solution, 
system of equations 

Elimination by addition or 
subtraction 

Elimination by substitution 

Elimination by a combination of « 
addition or subtraction and 
substitution , » 

Symmetric equations 

Problems leading to systems of 
equations 

Problems solvable by means of 
simultaneous quadratics 

Elementary Determinant's with Applications 

Determinants of the second order 

Solution of a. system of two linear 
eq uat ions 

Systems of three linear equations 

Determinants of the third ordar 

. Solution of a system of three 

linear equations < 

Complex Numbers 
Def int lonp 

"Fundamental operations on complex 
numbers 

Geometrical representation 

Geometric addition and subtraction 

•Solar ~e^resent*ti6n 

The product of two complex numbers 
in polar form 

The quotient of two complex numbers 
in polar form 

» De Moivre's theoreir 

Roots of complex numbers 



[ ] C ] 
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1 ■ Not Covered 

2 • Introduced Only 

3 « Brief Di&cussion 

* * Covei ed in some Depth 
& s Covered m Detail 



Higher-Degree Equations 

Rational-integral equations 

The remainder theorem 

Factor theorem and its converse 

Synthetic division 

Graph ef a polynomial 

Locating the roots 

Number of Roots 

Bounds of the real rooth 

Rational roots of a polynomial 
t equation p 

The* depressed equation 

Process of obtaining all rational 
root s 

Descartes's rule of signs 
Imaginary roots 

Irrational roots by successive 

magni f i cat i o r 
Transformation of an equation to 

decrease its roots 
Horner's method e or determining 

irrational roct<: 
Identical polynCTia:^ 
The cubic equatw. 
The quattic equation 

Inequalit i^s t 

Definitions, fundamental axicjns , 

and theorems 
Conditional inequalities 

Ratiot Proportion, and Var.atiO" 
Rat io. 
Proport ion 
Variat ior 

Logarithms 

Definitions 

Properties of logarithms 

Approximat ions 

Scientific notatior 

Common, or Bnggs, Logarithms 

Characteristic and martissa 

Use of tab.es to obtain the 

mant issa 
Use of tables to find K when 

log N is given 

Logarithmic comp Jtat .or 

Logarithms to bajes other that 
10 

Exponential and logarithmic 

equat ions 
The graphs cf log a x and of a* 

Progress ions 
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thematical Induction 

Method of mathematical induction 
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The Bi nomi a 1 Theorem 

The bi nomi a 1 formula 

The rth term of the binomial 
f ormul a 

Proof of the binomial formula 

Binomial theorem for fractional 
and negative exponents* 

Permut at ion8 and Combl nat io r iS 
Def lnit ions 

The fundamental principle 

Permutations, of n different 
elements taXen r at a ti m e 

Permutat ions of n elements 
not all different 

Cyclic permutations 

Combinat ions 

The sum cf certain combinations 



Probab i lity 

Mathematical f^fcbabillty 

Empin cal prcbab' lity \ 
Mathematical exptctation 
Mutually exclusive events 
Independent everts 
Dependent events 
Repeated trials of an evert 
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I nvers ions 

Determinants of order n 
Minors of a determinant 
Properties of determinants 
Simplification of a determinant 
Systems of linear equations 

Partial Fractions 

Definitions and theorems 
Distinct linear factors 
Repeated linear factors 
Distinct quadratic factors 
Repeated quadratic factors 

The Trigonometric functions 
Directed segments 
The distance formula 
Trigonometric angles 
Standard position of an angle 
Definitions of the tjpigonometric 



functions 
Given one function , 



find the 



. other functions 
Trigonometric functions of An 



Definition of progressions 
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Arithmetic progressions 
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Sum of an arithmetic progression 
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Simultaneous use of the formulas 
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Arithmetic Mean* 
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Geometric progressions 
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Sua of a geometric n-ugression 


t ] 


I ) 


[ ) 


] 


[ ] 


Simultaneous use of the formulas 


[ ] 


[ ] 


[ ] 


] 


for 1 and s 












Geometric means 
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Inlinlte geometric progressions 
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Harmonic progressions 
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Trigonometric functions of 
an acute angle 

CoTunct l ons 

Variation of the functions of jj 
an acute angle 

The trigonometric functions of 
30°, U5°, 60* 

Table* of trigonometric functions 

I nterpolat ion 

Approximation^ and significant 
figures 

The solution of right triangles 
Angles of elevation and depression 
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^ * Not Covered * 

i * introduced Only 

i ' Brief Discussion 

< * Cov4re<J in some Depth 

S • Covered in Detail 

Trigonometric Identities C 

The fundamental relations i . 

Algebraic operations 

^.Identities and conditional 
equations 

Trigomomjgtric identities 

♦ . * 

Related Angles # 

Related angles ° 
Reduction to functions of an 
acute angle ^ 

Trigonometric functions of 
negative angles 

Radian Measure 
The Radian 
Radians and degrees 
Length of a circular arc • 
Trigonometric functions of cumbers 
Linear and angular velocity 

graghs of the Trigonometric Functions 

Periodic functions 

Variations of the sine and cosine 

Variation of the tangent 

Graphs of the trigonometric 
functions 

Functions, of Two Angles 

Functions of the sua of two angles 
Sin (A ♦ B) and Cos (A ♦ B) V 
Tan (A ♦ B) 

Cos (A - B) , and Tan 




a Sin ft ♦ b Cos 9 to K 



Sin (A - B ) , 
(A - B> 

Reduction of 

Sin (•♦H) 
Double-angle formulas 
Half-angle formulas 

Product to sum formulas, sum to 
'product formulas ' 

Trigonometric Equations *• 
Trigonometric equations 
Solving a trigonometric equation 

graphical Methods ' • 

The Graph of y * a Sin bx 

The Graph of y = a Sin X£x ♦ c) 

The Graph of y = Sm n x t 

Sketching curves by composition 

The Grpah of y - a Sin x 4 b Cos 



ion of Triangles 
Solution of right triangles 
Vectors 

The law of siner 
Application: SAA 
The ambiguous ca»«: SSA 
The Law of Cosines 
Applications: *SAS and SSS 

The Area of a triangle 

J* 

Inverse Trigonometric Functions f 
Inverse trigonometric function* 
Principl* -values of the ijjj^erse 
trigonomartric functions 

- Operations involving inverse k 
trigonometric functions 

In/erse functions * 



Special Topics * 

The circular functions 

Circular and exponential functions 

Solving oblique triangles SAS and 
SSS + 

The law uf tangents 

Applications of the law of tangents: 
SAS 

The half-angle formulas y 

Applications of the hald-angle 
formulas: SSS 



The mil as a unit of a 
iinates and Lines 



ngular measure 



The 

Coordi 

Number system 

Rectangular coordinates ^ 
Distance between two points „ 
Point on the line joining two points 
Area of a triangle , • 
Inclination ^and slope 
Parallel and perpendicular lines 
Angle between two lines 
The locus of a point • 
Equation of a straight l an e 
Standard equation of lines 

• Intersection of lines* 

# Distance from a line to a point 
^Family of lines 



Line^through the 
of two lines 



ntersection 



f # ch^^^^ 

nts Hab 

ons 



Variables, Functions, and Limits 
Rate of^ ch4 
The cone? 
Constants 
Functions 

Limit of a function 
Continuity ~- 
Infinity ^ 
Limit of 4 sequence 

Differentiation and Applicatipns 
IncremAts V 
Derivative 

Derivatives* of powers of x 
Slcjp of a curve 
Velocity and acceleration* 
Maxima and minima 
Crifical poirits 
Higher derivatives 
Points of inf lectionS^oncavity 
Applications* of Maxima and Minima 
Differentials 
Approximations »and errors 
Integration of Algebraic forms 
Antidif ffVentiation 
Integration of \9wer8 
Constant of integration 
Differential of area 
Area 'as an integral " 
Calculation of areas 
Area as a limit . A 

Definite integral* 
Fundamental theorW w 

Plane areas in rectangular 
coordinates . • * 

Volumes^of solids of revolution 
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1 * Not Covered 

2 * Introduced Only 

3 • Brief Discussion 

a- > Covered in some Depth 

* > Covered in Detail 



Applications of Integration w 

. HosMnt of mass, centroids 

Centroid of a plane area » 

Cantroid of a solid of revolution 

Mostnt of inertia 

Radius of gyration 

Hosenl of inertia of an area 

Moment of inertia of a solid of « 
revolution 

fluid pressure 

, Work 

Differentiation of Algebraic Functions 
formulas for differentiation 
Differentiation of implicit functions 

Equations of the Second Degree * 
The graph of an equation 
Equations of the second degree 
The cirole 

Circle determined by three conditions 
Radical axis 
• The parabola 
Another construction of a parabola ^ 
General equations of a parabola 

Parabolas determined by three 

conditions 

The ellipse 

Another construction of an ellipse 
General equations of an ellipse 
Ellipses determined by four conditions 
The hyperbola 
Asymptotes 

General equations of a hyperbola 

Hyperbolas determined by four 

conditions 
Translation of axes 
Rotation of axes 
Line tangent to a conic 
Poles and polars ^ 
Tangents to a conic 

Differentiation of Transcendental 
Funct lops' 

Transcendental functions 

Properties of trigonometric 

functions 
Limit of (sin 6//B 
Derivatives of trigonometri r 

functions 
Properties of inverse trigonometric 

functions 

Derivatives of inverse trigonometric 

functions 
Exponential and logarithmic 

functions 
Derivatives of logarithmic ^> 

functions \ 
Derivatives of exponential functions 
Summary and applications 

Parametric Equations, Curvature , and 
Root a ^ ' 

Parametric representation 

Derivatives in parametric form* 

Differential of Arc length 

Curvature f 

Circle ot»»J*^veture 

Center o^curveture 

Svolutes . . 

Wrton'i method 
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4. 



Differentiation with Resject to Time 

Time-rates 

Curvilinear motion 

Tangential and normal components 
of acceleration 

Angular velocity and acceleration 

Polar Coordinates 

Polar "coordinates 
' Locus of a polar equation . v 

Intersection of polar curves 

Angle between the rasl&is vector 
and tangent 

Differential of arc 

Curvature 

Radical and transverse components 
of velocity and acceleration 




Indet crminatc^Rorms 
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[ 3 

[ 3 

[ 3 

[ 3 

[ 3 ' 
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[ 3 
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[ 3 
[ 3 
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Limits 

Rolle ' s theorem 
Law of the mean 
Cauchy's theorem 

Treatment of indeterminate forms 

• 9 
Curve Tracing 

Graphs of curves in rectangular 
coordinates 

Oblique asymptotes determined by 
inspection 

Asymptotes to an algebraic curve 

Singufar points of algebraic curves 

Summary of curve tracing 

Integration * 

* Formulas of integration 

Integration of powers 

Integration of exponential functions 

Integration of Trigonometric 
functions r " 

Transf ormatlorfs of trigonometric 
p integrals 

Integrals giving inverse trigonometric 
functions , 

Additional formulas of integration 

Improper integrals 

Integration by parts 

Algebraic substitutions « 

Trigonometric substitutions 

Integration of rational fractions 

Miscellaneous substitutions 

Use of integration tables 

Approximate integration 

Trapezoidal rule 

Sampson's rule 

Area in polar coordinates 

Length of a plone curve 

Centroid and moment of inertia 
of «rc r 

Area of a surface of revolution 

Volumes of solids with known cross 
sections 

Average value 

Infinite Series e>^ 

Sequences and series 

Convergent and divergent series 

Theorems on convergence 

The integral test 

Comparison tests ' 

Ratio test 

Alternating eeries 

Absolute and conditional 
convergence 

Power ttriee 
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X * Not Covered 

7 » Introduced Only 

3 = Brief Discussion 

* » Covered in 6 one »Depth 

5 » Covered in Detail 



Expansion of Functions 

Maclaurin** a trips 

Algebraic operations with power 
series 

Differentiation and] 
of power series % 

Approximation formulas derived 
from power series 

Taylor's series 

Taylor's theorem 

Hypeobolic Functions 

Definitions of the Hyperbolic 
functions ^_ 

Identities involving hyperbolic 
functions 

Derivatives and integrals of 
hyperbolic functions 

The inverse hyperbolic functions 

Derivatives of jjhe inverse* hyperbolic 
functions 



/ 



Integrals* leading to' inverse 
hyyerbolic functions 

Relations between trigonometric 
and hyperbolic functions 

Geometric interrfrc :ation of 
hyperbolic f u/cti )ns 

Solid Analytic Geometry 

Rectangular coordinates 

Distance between two points 

Point on the line joining 
two points 

Direction of a line 

Angle between two lines 

Locus of a point in space 

Equation of a plane 

Normal equation of a plane 

Planes determined by three 
conditions 

Equations of a line 

Symmetric equations of a line 

Equation of a surface 

Quadric surfaces 



Partial Differentiati on 

^unctions of two 
yariables 

Continuity 

Partial derivatives 



Geometric interpretation, o 
partial derivatives 

Partial derivatives 
erder 



Incr 
of 



ment and total 

function 




Approximations and errors 
Total derivative* 

Chain rule for partial derivatives 

Differentiation of implicit function* 

^ Tangent line v\d normal plane to i * 
curve 

ifjlormal line and tangent plane(to a 
W 1 surface 

Maxima and minima 

Differentiation of a definite integral 
Taylor's series for functions of two 



variables 

Sufficient condition for 
minimum 



a maximum or 
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u Double integrals 

[ ] Iterated integrals 

Iterated integrals in rectangular 
[ ] coordinates 

^ j Plane areas by double integration 

Centre id and moment of inertia of 
a plane area 
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Iterated integrals in polar 
coordinates 

Plane areas in polar coordinates 

Volumes by double integration 

Volu *1>^i^ cylindrical coordinates 

Areas of curved surfaces 

Triple integrals 

Iterated integrals ^ 

Iterated triple integrals in 

rectanjular coordinates 
Volumes by triple integration 

Center of gravity and moment of 
inertia of a solid 

Triple integrals in cylindrical 
odtordinates 

Triple integrals in spherical coord 
coordinates 

Differential Equations 

Solutions of dif ferentit^ equations 

Differential eqjation^of first 
order and first degree * 

Exact differential equations 

Linear equations of the 'first order* 

Equations reducible to linear equations 

Second order equat lons^reducible to 
first order 

Applications of firsr order differential 
equations 

Linear differential equations of order n 

Homogeneous equations <vith ebnstarot 
coefficients 

Konhomogemeous equations with constant 
coefficients 

Applications of linear differential 
equations » 

Vector An a lysis 

Addition of Vectors 
Scalar multiplication of Vectors 
Vector multiplication of Vectors 
Scalar triple product 
Vector triple product 
Derivative *of a vector 
The gradient 
* The divergence 

The (cjirl of rotation 
Summary of Sector differentiation 
Line integrals 
Surface integrals 
Divergence theorem 
Stokes's theorem 
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APPENDIX C 



ENGINEERING TECMMOLOCY EDUCATION STUDY 



Curriculum Survey 
CHEMISTRY 



Please indicate, by chicking the appropriate ip*ce, the extenf to 
which each of the followirg concepts on topics is treated in your 
syljebu* fdr the General Chemistry course which it offered for 
engineering technology students The General^ Chemistry course* 
for which responses ar« given should be the one taken by non- * 
majors in case separate courses are offerad for majors and non 
major* If your course outline noraally includes additional 
topics, please add thesi et the end of the list 



Classification of matter 

Weight relations, conservation laws 

Physical I Chemical changes 

Chesucal notation 

Atomic and Formal a ^Weight 

Chemical eo^atiGrs and S t c i c7> i ome tr, 

Kinds of Elements 

Bescrlpti/e St^dy of certair 
representative ***neits 

finery Compounds v 

Ternary Compounds s 

Fundamental Particles 

Ituclear Reactions 

Natural Redioac* .Vi ty 

Artificial Radioact w.^ ty 

Tiesion and Fus. or 

Periodic L-aw 

Atonic Structure 

Stable Electron Con/ ^*g- rat * on 9 

A*: *ii Metals 

Metals of Groups -11 A 

BlTIA * 
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Ints of GfdXip* VLA 
VI IA V 



Transition Lleaer^S 



Elements 
and VA 



Ionic Bond 

Simple v'fi Coppi|m Ions 

Electrolysis 

Covalent tond 

Structure of *re Hydrogen 
Molecule 

Other Diatonic Pile^biles 

Covalent 'Bonds b^weer, 
Dissimiler At.rws' 

Properties of COvslent 
Compounds *. 

Solvent -Solute, Iheromena 
K H0UUty " % * 

ft Freezing Point O«pr#ssion and 
V loiling Pom* Eleva^on 
r > Calculations 

Partially Ionic Bonds 

Fertielly Covelent Bond* 

Electronegativity 

Structure «f Partiejl/ ionic- 
Pertielly Covelent Corpound* 

Bipolar *tele9ule*' 
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Ioniset iorf of Polar Molecules 

Hydrogen Bonding 

Redox Reactions of the Free 
Elements 

Redox Reactions of Compounds 

Oxidetion Numbers 

Belancing Redox Equations 

Activity Series * 

Redox Equilibria 

Arrh«inius Concept of Acids 
and Bases 

Brons ted- Low-/ Co-.cept of t 
Acids and Bales 

Lewis Concept cf Ac.ds and 
Bases 

Strengths of Acids and Bases ' 
Hydrolysis of Salts 
Titration 

formal and Molar Concentration 
Indicators 

Acidic, Basic, and Amphoteric 
Oxfdes 

Acid-Sese Equilibria ' 

pH Calculations 

Liquids - Gases - Solutiors 

Van der Wjjli, Ion.c, Co«>nt , 
and He* a! 1 ic Solids % 

Boyle't Lav C-il c u J at .or.: 

Charles' Law Calculations 

Ideal Gas Law Calculations 

Forrs of Lr.ergy 

Specific Heat' 

Heat of Fusic~ 

Heat of Vaporization 

Kir t etic- M OieCjj.ar Theory 

, Bond Lr.erg.Le-, *■ 

Heat of *React iCn 

Activat.on Energy 

Tree Energy 

Enthalpy and Entroph/ 

Hydrocarbons 

Aliphat.c Hydrocarbons 

Aromat ic Hydrocarbons 

Reactions of Hydrocarbons 

Functionally Substituted H/droca 

Reactions £f Substituted 
Hydrocarbons 

Ionic Organic Mechanisms 

Tree Rad.cal Organic nechansire 

Sugars and Polysaccharides 

rets 

AjRino Acids and Proteins 
Vitamins and MValoids 
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APPENDIX D 



Curricula Survey 
PHYSICS 



er|c 



Please indicate, by chewing the appropriate space, the estent 
to which etch of the fd»iowing concepts is treated in your 
tyil*bu» for the Physics- course which is offered for itudents 
in engineering technology curricula If your course outline 
normally includes additional topics, please add the* at the 
end* of the list , 

1 = Not Covered ^ , 

2 = Introduced Only 
,,3 = Brief Discussion 
H = Covered in some Depth 

= Covered in Detail 



l 1 l^H 5 



•V 



Units and Systers of Measurement 

Vector quantities 

Representetion cf Vector 
quant i ties 

Vector addition 
Vector lobtract ion 
Resolutior of Vectors 
Component method of Vector 
•ddi t ion 

Constant, I rs » art eneous , and 
Average Spted 

Speed end velocity 

Accelerat ion 

Kinematics cq.ations 

Falling todies 

Motion in a vertical plere 

Projectile and Pocket flight 

Lewe of Motion 

Fimat lav of mc'io" 

Second law of Action 

Third lew cf motion 

Inertia and iati 

Force end mot -On 

Mate and weight 

Sliding frict.on 

Coefficient of fraction 

Static friction 

Rolling fraction 

Fluid fr.ctio-r 

Equilibrium of e particle 

' Torque 

Canter of grevity 

Uniform circjie motion 

Centripvtel accelerator 

Centripetal force 

Banked tjrna 

Centrifugal force 

Cravitat .on 

Gravitational field 

Energy, definitions 

*>rt 

Power ^ 

Power measurement 

Kinetic energy 

Potential energy 

Conaervetion of energy 

Momentum end impulse 

Conaervetion of momentum 

Col 1 fsione 

Angular measurement 

Angular'' velocity 

Angular acceleration 

Kinematics of Angular motion* 

Rotational kinetic energy 

Moment of inertia 

Torque end angular acceleration 

Angular moeMntias 

fimple Hachinee 

Mechanical advantage • s 

Efficiency 
Owelty 



Elast ici ty 
Young's modulus 
Shear modulus 
•u*U modulus 
Pressure 
Hydraulic pness 
Pressure and depth 
Archimedes' principle 
Fluid flow 

Bernoulli's equation t 
Elastic potential energy 
Simple hermoruc motion 
The penduluim 

Kinematics of vibratory motion 

Wave Moticr, Acoustics 
Water waves 

Longitudinal and transverse 
waves 

Weve speed and energy 
Standing waves 
Resonance 

Sound ^ 
Musical Sounds ' 
Acoustical attenuation 

Supersonic waves ^ 
Doppltr effect 



Teatpereture 

Heat * 
Specific heat capacity 
Change of state 
Calorlmetry 

Mechanical equivalent of heat 

Thermal ewpaneion 

Volume eolpansi on 

Boyle's law 

ChSWes's law 

Ideal gas law 

Kinetic theory of gasee 

Kinetic theory of matter 

First law of thermodynamics 

Second law of t thermodynamics , 

Camot engine 1 

Cernot efficiency Jr 

Steam-engines 

Internal combustion enginee 
Statistical mechenics 
Conduct ion 
Convection 
Radiation 
The refrigeretor 
Thermodynamics of refrigeration 
Light , Opt ics 

Huygen *s*\rinciple 
Reflect ion 
Plane mirror 

Conceve mirror 1 
Convex mirror fl 
Image formation 
Mirror equation 
Magni f icet ion 
Spherical aberration 
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Snail's law 
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1 s Hot Covered 




2 * Introduced Only 




3 a ftrief Discussion 




¥ s Covered in some Depth 
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Index of refraction 
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Electricity and Haxnetisa 

Electric charf* 
CouloasVt law 

Multiple chart** > 
Tha electric field 

i lium field of « point 

charge 
tie c trie Una* of force 
Potential di ff erence 
Electric currant 
Otwa's lew 
Racist .vi ty 

Baa l stor» in eonbinaticr 
Electrical pewer 
, / Electronot i v* force 
tinchhoff'e rules 
Ionization and rerroajbinet iop 
Polar aolecu.es 
Elect rolys is 

Electroch«ai c«l eo,«uva.*rt 
and electrodepo*. t ton 

ChenJcal sources of il#ctne 
energy 

Dry batteries 

Storat* bttteriet 

roal calu 

Capacitance ^ 

Energy of a charted rspacitcr 

Electric energy dena»w 

Wiltctr.c remit ant 

Charging • capacitor 

Oaratad't earpennent 

Magnetic induction 

Magnetic field of a currant 

Magnetic properties of natter 

Magnetic intensity 

Hysteresis 

Torea on a currant 

force between two currents 

Behavior of charted particles 
a magnetic field 

Torca on a currant loop 
Galvanometer 
Asm tar 
Toltneter 
DC ele yM Be, aotor 
'Magnetic poles 
raredey'i law 
„ The betatron 

Moving wire i 

field 
AC. generator 
DC* | ana re tor 
Beck emf 
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,Tr*L&af omer 
Induct eijpe 
Solenoid 

Growth and decay of currart 

^ Magnetic potent nl enarty 

Magnetic energy damn ty- 

Electrical oecillatione 

Effective currant end 
voltage 

Pbaae relations 9 

I nduct 1 vi reactance 

,Capacitiv« reactance 

Impedance 

Resonance 

Power in AC-circuitt 
ttjxw*ll'a hypothasie 
ElectrosMgnat ic waves 
*a/-ietiei of elect roaagnatic 
waves 

Electro*kagr>«tlc waves in 

uni cat xOns 
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Frames of reference 
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Relativity and aass 
Heat and energy 
Photoelectric effect 
Tuantua theory of light 
X-rays * 
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APPENDIX E 



AMERICAN SOCIETY FOR -ENGINEERING EDUCATION 



* Suite 400— Ofte Dupont Circle, Washington, D. C. £0036 

STUDENT INFORMATION 

TO STUDENTS ENROLLED IN TECHNOLOGICAL CURRICULA: 

The American Society for Engineering Education (ASEE> is conducting a national study of technological education. 
Information is needed from students in engineering, preengineenng, industrial technology, engineering technology, 
and other technical programs. You are being asked to participate in this study by providing responses to the 
questions below. The information, you supply will assist ASEE in its study and will be greatly appreciated. 

Your answers will be kepf strictly confidential, and you will not be personally identified in anyway. Do not iign 
this questionnaire. 



2 Seu 



1 Age 

r 

4 Ptame of school you now atteod 



3 Mantel Status. 



5 Registration status Cchec* out) Full-Time □ Part-Time ^ 

6 Dk) you ittemd any other college* previously 7 H so, please 

them 



10 Whet is your present grade point average in ill subjects 7 (Please use 

the 'four-point" scale, i e , A = 4, 8 = 3, C = 2, 0 = 1) 

11 Bests of college admission (check one) 

I Sraouetion from high school □ 

4 

b General Education Development test 
scores or similar ecjurvelency Q 

C Other n 



7. Hhat ts your present major 7 



I. What previous majors, (rf eeiy) had yoy selected* 



9. If you had any changes of major, what were ftt raasofts for the change 7 



12 Wow many years of each of the following subjects did you have in 
high school 7 



a. Mathematics 

b *Phys*cs 



c Chemistry 
d fretting _ 



e Industrial Arts 

f Vocational Education 



t Technical Education, 



13 What wis your rank in your high school class 7 (Check one) 
a Upper Quarter □ d tower Quarter n 

b Second Quaker □ e Unknown Q 
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c Third- Quarter □ ^ 
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15 Mat art your immediate plans upon graduation from the institution m 
winch you are now enrolled? (Check one eipletn where needed 



a See* employment □ 

b. Continue schooling □ Where 7 . 

c Military service □ 

i Other (Please eiptawO i 



Major? 



16 What, presently, rs your career objective' (Professional or techjftal 
employment mana|ement teaching operate your own business, etc J 



21. In you opinion, how well ts the -program of studies ttyw school pre- 
paring you for your intended career 7 (Check on aW comment on any 
special strengths or weaknesses you perceive) J 

a. Excellently □ b Adequately □ c Inadequately □ 

Comment . c 



Tt How do you classify your home location 7 (Check one}, 

a Farm or rural area □ 

b Small Town □ 

c Large Town □ 

d Small City □ 

e Large City Q 

f Major Metropolitan Area □ 



23 If you could choose the environment* in which you work, which of the 
'home location" classifications of question 22 would be ^ 

a Your first choice 7 



b Your second choice 7 
c The least preferred 7 



17 How confident re you that the career objective named in item 16 is 
the one you really want 7 , 

a Positive □ 

b Reasonably certain ~ 

c Moderately certain ^ 

d Not sure, this is 3 tentative choice only □ 

18 Approximately when in life did you first decide on your career objective 7 



24 What is (or was* your father's occupstion 7 



2S In which of the following xeeatkfy. income brackets do (or did) your 
paints belong 7 'Check one; 

/ t 
3 Less th3n $400 □ 



b J 400 5 500 - 

c $ S00 - \ m □ 

d % 800 - $1 000 □ 

e SI 000 - 51,200 Z 

f Si 200 $1 500 □ 

g More than $1 SO0 C" 



13 Who or what influenced you in making your career decision* (Family, 
high sffcjol counselor, work experience, friends, personal interest etc > 



20 Why did you select the schoof you are now attending' (Its location, its 
costs, recommendations or friends, reputation, etc ) 



27 Approximately what percentage of your college expenses come from the 
following sources 7 

a- Family 

b Persona! Funds 



c Vetetans Benefits 
d Loans 



e Scholarships or Grants 

f< Other Please explain 
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APPENDIX F 



AMERICAN SOCIETY FOR ENGINEERING EDUCATION 



Suite 400— One Dupont Circle, Washington, D. C. 20036 

* 1 

GRADUATE INFORMATION 

TO GRADUATES OF ENGINEERING TECHNOLOGY CURRICULA: 

The American Society for Engineering Education (ASEE) is making a national study "of engineering 
technology education. You, as a graduate of an engineering^technology curriculum, Can contribute 
importantly to this national study by providing responses to the questions following. All information you 
supply will be strictly confidential, you will not be personally identified in any way. Please complete the 
questionnaire as promptly as possible and return it ih the postage-paid envelope provided. Do not sign 
the questionnaire. * 



1 What is your job title 7 



e. Other, Please explain 



2 From what curriculum did you graduate* . 

3 When did you graduate 7 Month 



Yea^_ 



4 rtow many different job titles (including the current one) have you 
held since graduation 7 ! ! 

5 By how many drfferent firms have you been employed 7 



6 If you are salaried or self-employed what is your present monthly 
salary 7 (Check one) 

a Less than $500 □ e BOl- $1,000 G 

b. $500 $600 □ f $1.004 -$1,200 □ 

c $601- $700 □ g. Over $1,200 Q 

d $701- $800 □ 

7 If you are an hourly employee, what is your present hourly base 
pay 7 (Check one) 

a. Less than $2 50 n • d, $4 01- $5 Off □ 

b $2.50-$300 □ e $5 01 -$6 00 □ 

c $3 01- $4D0 □ f. Over $6 00 □ 

8. What is your present age 7 



9 Have you had any educational or training experiences since gradua- 
tion 7 Mart each ft em 

Yes No 

In-service or on-the-job training provided by 
employer - — □ □ 

Courses^ in public or private schools arraagri far 
mi paid far by your employer □ □ 

Courses in public or private schools selected by 
you but paid for— wholly or in part — by your 

employer _ . - □ □ 

• Courses in public or prrvafe schools at your own 

choice and expense _ ^ □ □ 

10 What was the purpose of the education or training listed in Item 9 7 
(Mark each response which applied} 
a. Orientation and instruction in company policy □ 
b Acquiring knowledge directly needed on job □ 

c. Acquiring skills directly needed on job □ 

d. Preparation for advancement to a higher position □ 

e Expectation of seeking another position and employer □ 
f Self-improvement only □ 

g Other. Please explain , r 



11 When did you decide to enter your present career 7 ' 
a. Before high school □ c During college 



b During high school □ d. While employed elsewhere 



□ 
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13 



15 



wnaT^mafor reasorKs) influenced you in your career decisions 7 
(Mark all that apply) 
a You were influenced by your father or other members 

of your family who were in similar occupations □ % 
b You were influenced by someone, other than a relative, 

in this occupation n 
c You were influenced^ a high school teacher or coun- 
selor □ 

d You developed an interest while in another job □ 
e You developed an interest from newspaper, magazine, 
radio or television articles or advertisements □ 



f. Other Please explain 



What influenced you in your choice of school in preparmg for this 
career 7 (Mark all that apply) 

a Location n - * 

b Tuition arw fees □ 

c Advice from parents C 

d Advice from high school counselor □ 

e information from friends □ 

f Publications of the institution □ 



g Other. Please explain 



14 



In your opinion, how well did your experience at your school pre- 
pare you for your employment 7 Please comment on any special 
strengths and weaknesses of your program as you now- see it. 
a For your first employment b For your present employment 
Excellently □ Excellently □ 

Adequately □ Adequately □ 

Inadequately □ Inadequately □ 

Comments , 



Please study carefully the definitions of job activities at the back 
of this questionnaire and then, complete the table on the following 
page as it relates to your present job Admittedly, the list of ac- 
tivities is long, however, your responses here will furnish highly 
important data of fundamental significance both to the Engineering 
Technology Education Study and to the ^institution from which you 
graduated In the middle five columns 'of theiable, a check-mark 
in the appropriate square is all that is needed fn the last column 
of the table, enter a number from 1 to 40 as an estimate of the 
hours per week spent in the major job activities, you need to make 
entries oply for those activities which you identified as being per- 
formed i? about once per week" or 'Mlatfy or nearly so." 
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JOB ACTIVITIES FOR ENGINEERING TECHNICIANS 



ANALYSIS: Using mathematical expressions for predicting characteristics, 
of machines, equipment circuits, structures, or materials. , 
MHLB TNMtt: Building models, experimental machines, structures, 
circuits, equipment, cartes, parts, or components using a .variety of 
hand and machine tools. 

CALIBRATION ANN ABMTKNT: Calmratmg and adjusting instruments, 
machines, or equipment; in order to obtain acceptable limits of opera- 
tion. 

CSICS DRAWINGS: Examining drawings done% others and checking for 
errors, > 

COMMMCATIOftS: Observing and reporting pertinent activities from 
one area of your company to another, keeping each area informed of 
the other's activities. 

COMBINATION; Assisting in the solution of problems which *sre shared 
by two or more activities, such as engineering department arid assembly 
line or construction site and home office 

COMPANY TRAINING: Attending training sessions S special schools as 
part of the job. • • > 

COST ESTIMATtM: Estimating costs for materials, labor, equipment 
equipment installation, and general expenses for a job. 
CUSTOMER SERVICL Following up on complaints and attempting to 
satisfy ixuslomer 

DATA RECORDING: Recording tlst data, possibly including a sketch of 
the test/set-op. 

DERIVATION: Deriving mathematical expressions for predicting character- 
istics/of machines, equipment circuits, structures, or materials 
DESIGN: Planning, performing calculations, and providing sketches of 
structures, machines, equipment circuits, components, parts, or tools 
to satisfy specifications on sue, weight function, condition", of opera- 
tion,, 5 or perform ance characteristics. 

DESfeN MBTANCE. Assisting the design leader by performing calcula- 
tion! obtaining handbook data, determining standard components and 
• parti or making sketches 
BRAftlNG — DESIGN: Developing and drawing plans including layout 
assertory, dimensions, tolerances, and materials for'stj^fcires, proc- 
esses/, machines, equipment components, parts or tools to satisfy 
specifications on size, weight function, conditions of operation, or 
performance characteristics. 

DtAfTIHC — DtTAtt: Preparing or modifying drawings of actual equip- 
ment machines, or structures, from design or layout drawings, sketches 
or from onvsite measurements. 

$IAFnit-4AYO0T: Planning and drawing the arrangement of parts, 
determining dimensions, tolerances, or component yalues using design 
sketches or'cajfcuiations. 

EVALUATION: Interpreting test data by making calculations to compare 
actual performance tharact efts tics wtth desired or expected perform- 
ance characteristics. 

EXPEDITING: Keeping records which show the progress of a job Sched- 
uling the arrival of .materials, equipment, or tools so the job can 
progress without delay. 

EXPERIMENTATION: Using .fundamental physical laws and relationships 
to determine new materials or methods that cart be used ,to improve 
technological practices 

INSPECTION — MAINTENANCE: Inspecting machines, equipment or struc- 
tures to determine need for maintenance such as oiling, painting, 
adjusting, calibrating, repair, or replacement. 
INSPECTION — QUALITY CONTROL Inspecting materials, components, ma- 
chines, equipment circuits, or structures in order to verify the quality 
or conformance with specifications. 

INSTALLATION: Installing machines, equipment, or structures according 
to layout and assembly drawings and installation instructions. 
INSTRUMENTATION Specifying the test equipment, fixtures, and pro- 
cedures required for testing machines, structures, circuits, equipment 
components, parts, or materials * 
MANUFACTURING: Making, processing or assembling parts in the pro- 
duction of. structures, machines, circuits, or equipment. 
MAPPING: Making topographical maps from survey data or from aerial 
photogiapht. 

MARKETING AM SALES: Consulting with potential customers, showing 
the capability of your equipment, machines, or products?in solving their 
problems. 1 



ERLC 



234- 



MATDHALS TESTING: Testing samples of materials such as metals, plas- 
tics, ceramics, wood, concrete, asphalt sand, or rock according to a' 
standard procedure. 

METHODS— PRODUCTION: Determining how parts of machines, struc- 
tures, or equipment should be made and assembled. 
METHODS — DUALITY CONTROL: Developing methods for inspection, test- 
ing, and evaluation of materials, components, circuits, equipment ma- 
chines or structures, either manufactured or purchased by your 
company. ' 
MODIFICATION: Altering machines, structures, circuits, equipment or 
components using a variety of hand or machine tools. 
MODIFICATION— RECOMMENDING: Making recommendations for changes 
in the design of machines, structures, circuits, equipment or com- 
ponents. 

OPERATING: Operating complex equipment or machines which require a 
special operator because of their complexity. 
PERFORMANCE TESTING: Testing machines, structures, circuits, equip- 
ment or components. 

PLANNING AND SCHEDULING ' Planning and scheduling the work of 
others considering factors like availability pf materials and manpower, 
capacity of facilities, sequence of operations, and reasonable time 
limits * 
PLANT LAYOUT: Planning and drawing the arrangement of spaces, equip- 
ment, or machines for a building, portion of a, building, or process. 
PROCESS CONTROL: Adjusting controls to regulate a continuous flow 
process in order to meet quality and safety standards. 
PROGRAMMING: Translating mathematical expressions or numerical data 
into program language statements, electrical equivalents, or coded in- 
formation in or^er to operate tape controlled machines, computers, or 
data processing equipment. 

PURCHASING: -Purchasing materials, equipment, standard parts, of spe- 
cial items, specifying the exact requirements the company you are 
^■ying from must meet 

wtANTITY ESTIMATING: Estimating the quantity of materials required to 
build components, equipment machines or structures 
RELIABILITY: Determining reliability data, such'as life expectancy or 
dependability, for structures, machines, circuits, equipment compo- 
nents, or parts 

REPAIR: Replacing bad or worn parts and fassemb lies in instruments, * 
machines, or equipment 

REPORT WRITING: Summarizing /ob activities, for instance, a report on 
a test Could include apparatus used, procedures followed, test data, 
calculations comparing actual with expected performance, curves, and 
charts . 

SPECIFICATION WRITING: Preparing documents which specify the ma- 
terials and components satisfactory for use in products or structures 
produced by your company " * 
SUPERVISING: Telling others what to do and evaluating their perform- 
ance* 

SURVEYING — INSTRUMENT MAN: Setting-up and operating surveying 
equipment such as alidades, engineer's levels, or transits, and keeping 
notes, sketches, and records of work performed. 
SURVEYING— RODMAN: Holding surveying rods at pointy designated by 
the instrument man, marking points with elevations, making measure- 
ments, and performing miscellaneous duties as directed 
-TECHNICAL PUBLICATION: Writing or revising instruction manual* that 
include information like theory of operation, maintenance procedures, 
and trouble-shooting techniques 

TRAINING: Instructing others in the use or maintenance of machines, 
instruments, or equipment or in fundamental concepts relating to these 
machines, instruments, or equipment. 

TROUBLESHOOTING: Determining why machines, circuits, equipment, or ^ 
structures are not performing like expected. 
VERBAL REPORTS: Describing fob activities, for instance, reporting on 
a test could include test set-up used, procedure followed, results ob- 
tained, and problems encountered 

WRITE PROPOSALS: Preparing written descriptions and cost estimates * 
of ways to satisfy needs expressed by customers. 
WRITING CHANGE NOTICES: Writing instructions which describe design . 
modifications to machines, structures, circuits, or equipment L 
WRITING STANOARO PRACTICES: Preparing written descriptions of meth. 
ods^rqeesfes, or procedures in order to establish standard practices? 



r 



Job Activity 


Never 


Less than 
once per 
month 


About 

once per ^ 
month 


About 
once per 
week 


Daily 
or 

nearly so 


Hours 
per week 

normally 
devoted to 
this activity 


Analysis 














Building things 














Calibration & Adjustment 














Check Drawing 














Communications 9 














Coordination 














Company Training 












i 


Cost Estimating 






4 




1 


Customer Service 












Data Recording 












Derivation 




4 j 






Design 




r 






-Design Assistance 






is 






Drafting, Design • 






I 




Drafting, Detail 




* i 

- 




Drafting, Layout 


1 1 \ 




Evaluation 






Expediting 






Experimentation 






Inspection, Maintenance 


: i ; 




Inspection, Quality Control 








Installation 








Instrumentation 


• y 1 

( * 






Manufacturing 




1 


1 


Mapping 


M ■ 


1 ! 


- 


Marketing & Sales 


■ i ■ 


i — ■ \ ■ 




Material Testing 


i 






Methods, Production 






. r — - — >■ — 




Methods, Quality Control 








Modifications, Making 




• i 


Modifications, Recommending 


i- ; i 




Operating 






Performance Testing 


• : — — t — ■ ■ 

S 


■ 1 


Planning & Scheduling 


. 1 i 


■ 1 


Plant Layout 






Process Control 


1 1 ■ . 




Programming 


i i i 


• 1 


Purchasing 


I 




' 1 " 


Quantity Estimating 


! ! 1 




\ 


Reliability 


i »— \ 

i i 




' ~i 


Repair 




i 






Supervising 










1 ! 


Surveying, Instrument Man 








* 


1 

i 


Surveying, Rod Man 














Technical Publication 




i 








1 Training 














Troubleshooting 














Verbal Reports 














Writing Reports 














Writing Proposals 














Writing Chan«i Notices 














Writing Standard Practices 














Writing Spec meat ions 
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APPENDIX G 



ESTIMATES OF ENROLLMENTS AND GRADUATES, 
ENGINEERING ^TECHNOLOGY PROGRAMS 
' 'ACADEMIC YEAR U69-70 



Associate Degree 
Programs 



Baccalaureate 
Programs 



Estimated Estimated Estimated - Estimated 
Enrollments Graduates Enrollments Graduates 



Alabama 

Alaska , * 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

D.C. 

Florida 

Georgia 

Hawaii % 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire 
New Jersey. 
New Mexicqr 
New York 
North Carolina 
North Dakota 
Ohio 

Oklahoma 
Oregon 

Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
"ashington 
West Virginia 
Wisconsin 
Wyoming 



243 
121 
'2,078 
2C1 
10,336 
924 
2,346 
133 
v 385 
^4 ,068 
979 
104 
213 
3,172 
4,088 
1,453 
579 
251 
295 
354 
975 
5,230 
*3,^0 
430 
480 
1,595 
126 
1,380 
81 
624 
839 
450 
13,886 
2,551 
788 
5,964 
1,957 
3,098 
4,980 
240 
1,344 
258 
639 
2,804 
956 
349 
1,550 
2,332 
614 
. 3,552 
k 211 



63 
9 

344 

55 
2,582 
272 
641 

28 
106 
798 
276 

28 

59 
917 
1,111 
414 
137 

36 

81 
" .117 
230 
1,745 
944 

96 
128 
391 

34 
677 

20 
17B 
206 
• 171 
3*195 
664 
203 
1,464 
323 
515 
1,421 

65 
356 

37 
116 
678 
* 234 
126 
356 
420 
153 
958 

54 



280 
0 

743 
8 

1,276 
326 
0 
0 
0 
81 
493 
64 
1 0 
2 ,19 2 
525 
0 

818 
236 
950 
0 

366 
478 
1,322 
198 

* t 2 

322 

160 
80 
0 
0 
$0 
114 
1 ,240 
128 
0 

1,183 
162 
588 
543 
70 
' 68 
0 

942 
1,270 
897 
8 

252 
189 
165 
1,333 
0 



.58 

0 

186 
2» 

344 
79 
0 
0 
0 
13 
55 
16 
0 

470 
418 

0 

170 
27 
321 
0 

156 

70 
249 
84 
22 
82 
40 
30 
0 
0 
5 
28 
342 
19 
0 

436 
\ 37 
136 
162 
24 
16 
0 

242 
190 
242 
5 2 
63 
44 
42 
201 
0 
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